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Foreword

This report summarizes the recent
achievements and progress of on-going
programs at the Air Force Geophysics
Laboratory. It is the tenth in a series initi-
ated by AFGL’s predecessor, the Air Force
Cambridge Research Laboratories
(AFCRL). Written primarily for Air Force
and DOD managers of research and devel-
opment, it shows how AFGL met Air Force
needs and extended our technology base in
geophysics during the period from Janu-
ary, 1979, through December, 1980.

JOHN FRIEL

Colonel, USAF
Commander
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i | AIR FORCE GEOPHYSICS
LABORATORY

{

The Air Force Geophysics Laboratory
(AFGL), located at Hanscom AFB, Bed-

ford, Massachusetts, is the Air Force
Center for research in the environmental
sciences. Its mission is to understand the
earth’s environment, to mitigate its effects
on Air Force systems, and to exploit its
advantages in defense of the United States
and its allies. It is one of fourteen Air Force
laboratory complexes. This report de-
: scribes AFGL’s research programs, activ-
. ities, and achievements from January 1,
- 1979, through December 31, 1980.
by AFGL’s professional staff of 321 scien-
\ tists and engineers is organized into six
divisions: the Aeronomy Division, the
Aerospace Instrumentation Division, the
Meteorology Division, the Optical Physics
Division, the Space Physics Division, and
the Terrestrial Sciences Division. AFGL
also maintains a small West Coast Office
at El Segundo, California, to focus support
to the Space Division.
: From January to August, 1979, Colonel
Y Bernard S. Morgan commanded AFGL. He
: was succeeded by Colonel James E. Baker.
Colonel Chester G.R. Czepyha was the
Vice Commander from January through
August, 1979, when he was succeeded by
Colonel Gerald P. D’Arcy.
X Of the professional staff of 321, 93 held
J doctor’s degrees (an increase of 12 over
December, 1978), 98 held master’s degrees
(an increase of 5), and 130 held bachelor’s
degrees (an increase of 6).
AFGL scientists are widely recognized
PREVIOUS PAGE g for their contributions to the Air Force and
IS BLANK their respective fields. In 1979, Captain
Henry B. Garrett, a physicist in AFGL’s
Space Physics Division, was named the
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winner of the 1978 Harold Brown Award
for developing a mathematical model of
the earth’s space environment at high alti-
tudes. Don F. Smart and Margaret A.
Shea, a husband and wife team in the Plas-
mas, Particles and Fields Branch, were
awarded the Air Force Association Cita-

The AFGL Laboratory complex is located 17
miles west of Boston (seen against the sky-
line) at Hanscom AFB. where it is a tenant of
the Electronic Svstems Division of the Air
Force Systems Command.

tion of Honor Award for their achieve-
ments in assessing and predicting the
effects of solar events on Air Force com-
munications by pioneering research in
cosmic radiation. Eunice Cronin, Chief of
AFGL’s Computation Branch, was pro-
moted to the GM-15 level of the Federal
Civil Service in 1980. She is the second
AFGL woman and the third of the more
than 6,000 women in the Air Force Sys-
tems Command to attain this rank in the
Federal Civil Service.

Many members of the AFGL staff serve
on international commissions such as the
International Association of Geomagnet-
ism and Aeronomy, Committee on Space
Research, International Committee for
High Altitude Pollution, International
Committee for Fourier Transform Spec-
troscopy, NATO Research Study Groups 8
and 14, and the International Standard

Organizations Committee on Standard
Atmosphere. In 1979, Laboratory scien-
tists were chosen to be delegates to the
Indo-U.S. Workshop on Solar-Terrestrial
Physics, Udaipur, India, the STIP Sympo-
sium on Solar Radio Astronomy, Inter-
planetary Scintillation, and Co-ordination
with Spacecraft, and the International So-
lar-Terrestrial Predictions Workshop,
Boulder, Colorado.

Nationally, AFGL scientists serve on
committees such as the Committee on So-
lar-Terrestrial Sciences of the U.S.
National Academy of Science, the Com-
mittee on Extension to the Standard
Atmosphere, the Air Force Subgroup on
High Altitude Nuclear Effects, National
Storm Program, U.S. Technical Advisory
Group to the International Electrotechni-
cal Commission, and the U.S. Gravity
Standards Committee.

The editor of Applied Optics is an AFGL
scientist, as is the associate editor of the

A third of AFGL's professional staff of 321
scientists and engineers hold the Ph.D. de-
gree.

Journal of Atmospheric Sciences and the
Journal of Applied Meteorology. Another
scientist serves on the Geophysical Mono-
graph Board of the American Geophysical
Union.

During the reporting period, AFGL sci-
entists presented 335 papers and pub-




lished 159 journal articles ana 111 tech-
nical reports.

Annual Budgets: The annual budgets
for the 2 years covered in this report are
shown in the accompanying table. The to-
tals cover salaries, equipment, travel, sup-
plies, computer rental, service contracts,
and those funds going into contract re-
search. The largest expenditure is for con-
tract research and development.

pating researchers, and who plan the re-
search, organize the program, interpret
the results, and share the workload of the
actual research.

Field Sites: AFGL operates several field
sites, the largest of which is the Ground-
Based Remote Sensing Facility in Sud-
bury, Massachusetts. During the report-
ing period, work began on a new dual-
frequency Doppler weather radar system

TABLE 1
SOURCES OF AFGL FUNDS
FISCAL YEARS 1980 - 81
FY 80 FY 81
(In millions)
Air Force Systems Command-DL $40,818 $46,698
Air Force Systems Command-Other than DL 8,453 13,367
Air Force 139 529
Defense Nuclear Agency 2,866 3,093
Defense Mapping Agency 1,234 783
Army 255 45
Navy 40 8
Defense Advanced Research Projects Agency 635 107
National Security Agency 50 0
Department of Energy 555 432
National Aeronautics and Space 280 152
Administration

$55,325 $65,214

Funds received from AFGL’s higher
headquarters, the AFSC Director of Sci-
ence and Technology (DL), and to a lesser
extent those received from AFSC organ-
izations other than headquarters are used
to conduct continuing programs.

AFGL receives support from the Elec-
tronic Systems Division, the host organ-
ization at Hanscom AFB, in accounting,
personnel, procurement, security, civil en-
gineering, and supply. Holloman AFB,
New Mexico, provides services to the
AFGL Balloon Detachment. AFGL sup-
ports RADC’s Deputy for Electronic Tech-
nology (ET) in the areas of the Research
Library, laboratory materials needed for
the ET mission, computer, technical
photography, mechanical and electrical
engineering, laboratory layouts, electronic
instrumentation, and woodworking.

AFGL contracts are monitored by scien-
tists who are themselves active, partici-

operating at a wavelength of 10 cm. It will
be used to develop models for the auto-
mated interpretation of features of storms
that affect Air Force operations. A sepa-
rate Weather Test Facility is located at
Otis AFB, Massachusetts.

In New Mexico, AFGL operates a bal-
loon launch site at Holloman AFB and at
Sunspot maintains the Solar Research
Branch (nine scientists) of the Space Phys-
ics Division at the Sacramento Peak Solar
Observatory.

At Goose Bay Station, Labrador,
AFGL’s Goose Bay Ionospheric Labora-
tory studies subarctic events, including
the aurora and polar cap absorption of
high-frequency radio waves.

AFGL carries out field tests at a number
of military installations including the
Fort Churchill, Canada, rocket range; Fort
Wainwright and Eielson AFB, Alaska;
Albrooke AFB, Canal Zone; Vandenberg




AFGL’s Ground-Based Remote Sensing
Facility, Sudbury, Massachusetts, is de-
veloping models for automated interpreta-
tion of storms that affect Air Force opera-
tions.

AFB, California; and the White Sands
Missile Range, New Mexico. In addition,
the Poker Flat Rocket Range, Alaska, and
commercial airports are also used.

Research Vebhicles: AFGL launched 103
research balloons during the reporting
period from its permanent balloon launch
site at Holloman AFB, New Mexico, and
from several other temporary sites in the
United States, Panama, and Germany. Of
these, 19 were tethered flights. Between
October 12 and November 12, 1979, the
Balloon Research Branch conducted the
first flights of two connected tethered bal-
loons for the National Aeronautics and
Space Administration (see Chapter IID.
For this work, the Branch received a
NASA Group Achievement Award, given
usually only to NASA employees.

AFGL balloons carried test and ex-
perimental payloads for the Space Divi-
sion, the Defense Nuclear Agency, the
National Aeronautics and Space Adminis-
tration, the Department of Energy, the
Army and a number of universities. The
largest number of flights, however, were
for AFGL projects.

AFGL launched its one-thousandth re-

search sounding rocket from the White
Sands Missile Range on May 21, 1980 (see
Chapter III). In addition, eighteen other
rocket systems were flown from launch
sites within the United States, Canada,
Peru, and Norway. These rockets carried
experimental payloads to measure such
events as a total solar eclipse, characteris-
tic radiation patterns of rocket motors in
flight, the mass and number density of
positive and negative ions, the outgassing
of solid-propellant rocket motors, and zodi-
acal light. The rockets used on these
flights were modified Aries Talos-Castor,
Taurus-Orion, Sergeant, and Minuteman L.

The Aerospace Instrumentation Divi-
sion also played a major role in designing
and launching Space Division’s SCATHA
satellite in January, 1979.

AFGL Computer Center: AFGL oper-
ates: (1) a large central-site scientific data
processing facility consisting of two CDC
6600 computing systems which support
AFGL, ESD, other government agencies
and DOD contractors; and (2) a Telemetry
Data Processing facility which processes
analog or digital data from satellites, rock-
ets, aircraft, balloons, and laboratory data
collection systems.

The CDC 6600 systems consist of a mod-
ular-designed multi-processor operation
with extensive input-output devices,
peripheral equipment, and communica-
tions equipment. The systems provide re-
mote batch, interactive graphics, and con-
versational capabilities through a net-
work of approximately 50 remote stations
located within the laboratory complex and
at off-base locations.

The Center also provides analytical sup-
port in mathematical systems modeling;
spectral, numerical, and statistical tech-
niques; as well as space-probe data reduc-
tion and ephemeris determinations.

Action has been undertaken to establish
a mini-computer support service, as well
as to upgrade both the large scientific data
processing and the Telemetry Data Proc-
essing facilities.
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AFGL Research Library: The AFGL Re-
search Library has the largest and most
comprehensive scientific and technical re-
search collection in the United States Air
Force. This collection is international in
scope and includes extensive holdings in
mathematics, chemistry, physics, astro-
physics, electronies, and geophysics. Each
year the library adds more than 2,500 new
titles to the book collection and 4,000
bound journal volumes. The library sub-
scribes to approximately 1800 current
periodical titles. In-house and contractor
technical reports from AFGL and the Elec-

tronic Systems Division are also main-
tained, both in paper and microfiche.

In addition to its collection of publica-
tions, the library offers computer-aided
literature searches. This service provides
the patron with immediate access to mil-
lions of citations from journals, books, re-
ports, proceedings and reviews published
throughout the world. Online interactive
searching of the Defense Technical In-
formation Center’s (DTIC) several files, as
well as many commercially available data
bases, gives the library user immediate
access to much of the world’s information.




Cleaning the Mirror of AFGL's Ultraviolet Calibration Facility.
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I  AERONOMY DIVISION

Aeronomy is the study of the physical
and chemical properties of the earth’s up-
per atmosphere. It deals principally with
the atomic, molecular, and ionic composi-
tion of the atmosphere and how energy
sources such as solar radiation affect this
composition. The Aeronomy Division’s
principal activities are in the altitude re-
gions above about 15 km, which include
the stratosphere, mesosphere, and ther-
mosphere.

The principal energy source affecting
the structure and properties of the earth’s
upper atmosphere is the ultraviolet radia-
tion from the sun. This solar ultraviolet
flux, its long-term variability, and its
absorption in the atmosphere are meas-
ured by instrumented sounding rockets
and satellites, such as the NASA Atmos-
phere Explorer satellites.

Atmospheric ultraviolet radiations can
be used to help solve defense problems in
the areas of missile surveillance and
tracking, spacecraft horizon sensing,
atmospheric/ionospheric sensing for com-
munication and detection purposes, and
technical intelligence. These radiations
are measured principally by means of
satellites, although rocket measurements
are used in the definition of new concepts
and in the development of instrumenta-
tion for satellite use.

A knowledge of the structure and prop-
erties of the upper atmosphere necessary
to determine the trajectories of space vehi-
cles is obtained by developing unique
payloads which are flown on rockets and
satellites. These measurements and
analyses are supplemented by laboratory
investigations and by the development of
comprehensive models of the upper atmos-




Camtastn, e
PO

phere. The Aeronomy Division has a major
role in the definition of the U.S. Standard
Atmosphere, a cooperative effort by the
Air Force, the National Aeronautics and
Space Administration, and the National
Oceanic and Atmospheric Admin-
istration. The Division is developing
atmospheric density models for use by the
Aerospace Defense Command in tracking
and predicting the orbits, including re-
entry, of more than 3500 space objects.
Accelerometers are flown on Defense Map-
ping Agency satellites for obtaining
atmospheric density data and improving
satellite navigation. A LIDAR (Light De-
tection and Ranging) system, capable of
remote sounding of density and other
atmospheric properties, is being developed
for use on the Space Shuttle.

In the upper atmosphere are regions of
intense turbulence which cause fluctua-
tions in the index of refraction and which,
in turn, affect optical systems such as laser
communications. The Division is measur-
ing this turbulence by means of ground-
based optical and radar techniques and by
instrumented balloons to determine the
intensity of the turbulence and its vari-
ation with time and location.

The National Environmental Policy Act
of 1969 requires the Air Force to provide
environmental impact statements for its
flight operations. For this purpose, the Di-
vision measures the composition and
dynamics of the stratosphere and the solar
energy flux, from which appropriate en-
vironmental assessment models are de-
veloped.

The electrically charged particles in the
upper atmosphere have a significant effect
on the propagation of radio waves. The
concentration of these particles varies sig-
nificantly during disturbed conditions
such as polar-cap absorption events, au-
roral events and ionospheric scintillation
events and can degrade the performance of
satellite communications systems. The Di-
vision is measuring the composition of
these events by means of mass spectrome-

ters on sounding rockets and on satellites.

The atoms, molecules, ions, and photons
present in the upper atmosphere constant-
ly interact. These interactions are investi-
gated in the laboratory and the rates at
which the reactions occur are measured.
For this purpose the Division recently con-
structed a SIFT (Selected Ion Flow Tube)
device, a very potent instrument for such
investigations and one of the few now in
existence.

UPPER ATMOSPHERE COMPOSITION

Research in the composition of the upper
atmosphere included rocket field
measurements, laboratory measurements
and theoretical work. Atmospheric
measurements were conducted in four
different rocket programs to examine vari-
ous natural and artificial disturbances in
the D-, E- and F-regions of the ionosphere
and to assess their effects on communica-
tion and navigation systems. Measure-
ments were obtained in equatorial spread
F conditions during periods of strong
ionospheric irregularities in a Defense
Nuclear Agency program. The D- and E-
region responses to the 1979 solar eclipse
were studied as part of an international
effort. D-region perturbations generated
by a strong geomagnetic storm were
observed. Finally, rocket measurements
were performed in a barium ion cloud as
part of a Defense Nuclear Agency iono-
spheric modification/simulation test.

The laboratory effort consisted of stud-
ies of atmospheric dimers, or van der
Waals molecules, meteoric sulfur chemis-
try, and the determination of nitric oxide
variability with sunspot number, as well
as an estimate of a mean nitric-oxide pro-
file for the middle atmosphere. A code is
being developed to describe the chemical
distributions of meteoric compounds
throughout the middle atmosphere.
Laboratory measurements of several met-
al-hydroxide dissociation energies and
ionization potentials were made.




STAD

STA S8 —

STA B —

39430c590km — %,

{NOMINAL)
NOSE SEP SYSTEM
NOSE CONE
MASS SPEC COVER MASS SPECTROMETER
P BooMS 7~ PULSED PLASMA PROBES (PY)
MASS SPEC <H:> E-RELD BOOMS
P ELECT N SRI ANTENNA
FWD E-FLD BOOMS
MASS SPEC ELECT
E-FLD ELECT
______ DEPLOY 8OOMS
| TLM GYRO 61 sec 129 km
| :}’ SER PAYLOAD  } MOMINAL
NOSE SEP JOINT SBsec 112km
ACTS, BEACON, uMB §°~ NOSE CONE
) FIRE SET %2 sec 103 km
SRI BEACON
— PLD SEP JOINT

AFT E-FLD BOOMS
[ J*\ SRI ANTENNA
[T 11— PLD SEP SPRINGS

|— MALEMUTE MOTOR

| .

Plumex Payvload Instrumentation and Flight
Scenario.

Equatorial lonospheric Irregularities
Studies: Coordinated measurements of
equatorial spread-F conducted at the
Kwajalein Atoll have yielded the first de-
finitive space- and time-coincident radar
and rocket observations of small-scale
irregularities and large-scale plasma de-
pletions. As part of this Defense Nuclear
Agency Program designated “PLUMEX,”
multi-instrumented Terrier Malemute
rockets, including AFGL ion mass spec-
trometers, were launched on the nights of
July 17 and 23, 1979, during equatorial
spread-F events. The effort was designed
to examine the causes of transionospheric
radio-communication scintillations. The
program provided the first vertical profile
measurements of the detailed ion composi-
tion and structure in equatorial iono-
spheric irregularities.

The results have shown that:

1. During well-developed spread-F, the
most intense in-situ irregularities oc-
curred near the bottomside of the F-layer.

2. Within a large-scale topside F-layer

P IR L I DA L N . . » - . -

depletion, radar backscatter and the rock-
et-measured irregularities were greatest
near the depletion’s upper wall, or at the
positive plasma gradient.

3. Ion composition within a topside hole
provided signatures showing that the ori-
gin for such holes was near the F-region
bottomside ledge and that the signatures
permit a determination of the altitude of
the ledge at the time of hole formation.

4. Large-scale fluctuations of Q" ions
accompanied by nearly constant levels of
molecular ions (NO "~ and O, * ) adjacent to
the F-layer ledge suggested that neutral
atmospheric turbulence is not a major

ac
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Measurements in Equatorial lonospheric
Irregularities Showing Strong Fluctuations
and Holes. The currents are proportional to
ionospheric densities. Aperture plate cur-
rent corresponds to total ionospheric density.
The remaining species currents relate to spe-
cies concentrations.




source for triggering equatorial spread-F.

The measurements obtained during this
program are the best data-set available on
spread-F. Future theoretical treatment of
the data will allow a detailed determina-
tion of the processes of ionospheric irregu-
larities.

Eclipse 79 Program: The Eclipse 79
Program was primarily intended to study
the ion chemistry processes in the D-
region of the ionosphere. In particular, the
response of the fast chemical reactions in-
volving the positive and negative ions of
the region were to be analyzed as the ioniz-
ing ultraviolet radiation from the sun was
rapidly turned off and on again by the pas-
sage of the shadow of the moon. The eclipse
on February 26, 1979, provided the last
opportunity to study these effects in the
Northern Hemisphere during this cen-
tury.

On the day of the eclipse, an energetic
electron precipitation event occurred, en-
hancing the D-region ionization well
above its normal quiescent values. The
normal eclipse effects due to solar radia-
tion were masked. However, in the E-
region of the ionosphere, where solar
radiation was still the prevalent ioniza-
tion source, the effects of the eclipse were
observed. The measurement program was
highly successful in providing an excellent
set of coordinated measurements on the
ionization produced by energetic particles,
the chemistry of the neutral atmosphere
and ionosphere, and the dynamical proces-
ses in the mesosphere and lower thermo-
sphere.

The Eclipse 79 Program brought
together scientists from the United States,
Canada, and Switzerland in a cooperative
investigation of the altitude region be-
tween 50 and 150 km. The campaign was
conducted at Red Lake, Ontario, Canada,
on February 26, 1979. Included in the
program were 12 large sounding-rocket
payloads and several small meteorological
payloads, as well as ground-based and
satellite measurements. A total of 82 ex-

periments were included in the payloads
and nearly all provided useful scientific
results. The campaign was a cooperative
effort of the National Research Council of
Canada, NASA, the U.S. Army, USAF and
DNA.

The launch site near Red Lake allowed
the flight path of the rockets to intercept
the path of the total eclipse as it swept
across North America. The temporary
field site was constructed during the sum-
mer of 1978. A few payloads were
launched two days before the eclipse to
obtain background measurements of the
atmospheric properties and to check out
the operational readiness of the launch
complex, telemetry site and radar site.
Most of the measurements for the program
were planned for the two-hour interval
centered about the four-minute period of
eclipse totality.

The measurements in the program
made by AFGL scientists included two
payloads to measure the density, tempera-
ture, wind and dynamical processes in the
neutral atmosphere, two payloads to

2
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Three-Axis Piezoelectric Accelerometer. The
three concentric proof masses are attached to
the piezoelectric crystals of the accelerom-
eter, The voltage generated by strain of the
crystals under drag acceleration is measured
and telemetered to the ground. The proof
masses are positioned at the center of a 25 cm
diameter sphere and are securely clamped
during the powered portion of the rocket
flight to prevent crystal breakage.

Y axis
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Comparison of Temperature Measurements
Made by Piezoelectric Accelerometer, Fall-
Time Accelerometer, and Meteorological
Rocketsonde with US Standard Atmosphere
1976 and AF Reference Atmosphere 1978.
The gravity wave structure present during
the program is evident in the profiles.

measure the ion density and composition,
one payload to measure the infrared emis-
sion at three wavelengths, and ground-
based instruments to measure the total
electron content of the ionosphere.

The measurements of the properties of
the neutral atmosphere were made using
two different types of accelerometer-
instrumented falling sphere payloads.
One of the measurements was obtained 25
minutes before totality using a recently
modified piezoelectric accelerometer sys-
tem in a 25 cm diameter sphere. This in-
strument provided measurements of the
density and winds from the drag accelera-
tion components, at altitudes between 50
and 150 km. The density results can be
used to derive a temperature profile under
the assumptions of hydrostatic equilib-
rium and the ideal gas law. Gravity wave
structure is easily observed in the high
resolution data obtained from the accel-
erometer. The atmospheric stability
criteria can be examined using the density
data to define regions which are statically
unstable and using the wind data to de-
scribe regions that are dynamically unsta-
hiz. The turbulence regions so defined
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have been found to correlate well with the
regions of increased backscatter in the
partial reflection radar measurements of
the lower D-region during this campaign.
A second set of density and temperature
measurements were obtained using a fall-
time accelerometer, which measures the
drag acceleration on a 18 ¢m diameter
sphere. This payload was launched 50
minutes after totality and provided
measurements between 40 and 100 km.

The measurements of the density have
provided inputs to the calculations of
ionization rates for the energetic particle
fluxes measured during the program. The
temperature measurements have pro-
vided very important inputs to the calcula-
tions of the ion chemistry because of the
strong dependence of many of the chemical
reactions on temperature.

As part of the eclipse program, two
AFGL Paiute Tomahawk rockets were
launched with payloads containing a li-
quid-helium, cryopumped quadrupole
mass spectrometer and two Gerdien con-
densers to measure positive and negative
ion composition, ion densities, and mobil-
ities between 50 and 120 km. The mass
spectrometers utilized shock-attaching
conical samplers to prevent the break-up
of large cluster ions. Attitude control sys-
tems maintained the rockets at very low
attack angles. The first rocket was
launched during eclipse totality at
10:52:30 CST and the second was fired af-
ter totality in 75 percent solar illumina-
tion at 11:41 CST.

As previously noted, an energetic elec-
tron-deposition event was in progress. The
ion composition signatures of the particle
event were apparent: a significant en-
hancement of O, " at lower altitudes and
large amounts of H5;0,  ions in the D-
region, which are formed from an ion
chemical clustering mechanism that be-
gins with O, ".

Of particular interest were the large rela-
tive amounts of H-0; " and HyO, ions
measured. The AFGL model developed




earlier to calculate the D-region under
natural or nuclear-disturbed conditions
could not account for the large abundances
of H,03~ and HgO, . This has led to a
complete re-examination of the D-region
ion processes. No clear explanations are
available to date.

The negative ion situation is even more
complicated. Both flights exhibited dis-
tributions with a distinct negative ion
shelf about 83 + 2 km, with concentra-
tions dropping off by more than an order of
magnitude by 90 km and with minima
near 75 km. In the 75-90 km range a sig-
nificant percentage of the negative ions
had masses greater than 160 amu. An ex-
planation for the formation of such mas-
sive ions does not exist. Heterogeneous
reactions with atmospheric conglomerates
have been hypothesized as a possible
mechanism, but the exact processes are
unknown.

Following this successful campaign,
there have been two scientific workshops
to exchange results and interpret the
measurements. A special session of the
American Geophysical Union meeting at
Toronto in May, 1980, was devoted to pres-
entation of the results. The final results of
the program are planned for publication as
a group in a scientific journal in 1982,

Disturbed Lower lonosphere Rocket
Program: Another rocket and ground-
based program was conducted at Poker
Flat, Alaska, to further study the dis-
turbed lower ionosphere, which affects
communications and radar systems. Two
rockets were launched during a signifi-
cant geomagnetic disturbance which pro-
duced a strong auroral-zone absorption
event (the ionosonde records exhibited
complete absorption). A Paiute Toma-
hawk rocket payload was launched at
1131 local time on October 22, 1980. It
contained a liquid-helium cryopumped
quadrupole mass spectrometer to measure
positive and negative ion composition, a
Gerdien condenser to determine positive
and negative ion densities and mobilities,
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and a retarding potential analyzer to
obtain positive ion and electron densities.
A second rocket with an electron energy
deposition scintillator for measuring the
energetic electron flux and an impedance
and dc probes for measuring the electron
density distribution was launched at 1145
local time. Both rockets had apogees near
90 km. Ground measurements were also
performed by the Chatanika radar and
also by NOAA'’s MST and Hf radars. The
data are presently being analyzed. An im-
mediate observation was the elimination
of the water-cluster oxonium ions between
74 and 82 km and their replacement by the
simpler molecularions of NO ™ and O, ™ as
a result of the energetic particle event.

PLACES Program: The Defense Nuclear
Agency’s PLACES (Position Location and
Communications Effects Simulations)
Program was conducted between Decem-
ber 4 and 12, 1980, at Eglin Air Force
Base, Florida. The objective of the pro-
gram was to demonstrate and investigate
the effect of structured ionospheric plas-
mas on satellite communication and
navigation systems. The structured plas-
ma environment was created by four rock-
ets’ releasing barium at 185 km during
four separate evenings. Signals from
satellites passing through all the barium
ion clouds were received by an airborne
{AFAL) receiving station. During one
event, signals from two rocket-borne
transmitters passing through the drifting
plasma cloud were received by ground sta-
tions. In the final event, a rocket carrying
an AFGL ion mass spectrometer and NRL
plasma probes was launched on December
12, 1980, into the barium ion cloud at
22:42:52 UT (5:42:52 CST), about 32 min-
utes after the barium release. The very
first measurements of the ion composition
and structure through a barium ion cloud
were obtained. The results exhibited both
interesting plasma chemistry and stria-
tions, which caused the observed electro-
magnetic absorption.

The rocket penetrated the barium cloud
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Schematic Diagram of the PLACES
Program.

between 148 and 183 km. A maximum
barium (and electron) density of 7.3 x 10¢
ions {electrons) per cc was measured in a
broad peak near 155 km. The electron con-
centration was greater than two orders of
magnitude over the normal ionosphere.
The barium plasma caused an almost com-
plete depletion of the NO* and O, ions
normally dominating in this region. Dou-
bly ionized barium ions were also detected;
they were most likely produced by double
solar-photon ionization. The barium plas-
ma showed significant concentration fluc-
tuations with structural disturbances
propagating upward into the normal iono-
sphere where no barium ions were pres-
ent. All elements of the program including
ground-based radar and optical measure-
ments were successful. The data are pre-
sently being reduced for analysis.

Van der Waals Molecules: Van der
Waals molecules have been largely
ignored in the natural atmosphere, pri-
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marily because the types and quantities of
these molecules in the atmosphere were
unknown. Atmospheric equilibrium num-
ber densities were calculated for the first
time for the van der Waals molecules (or
dimers) N2 ° N2, N2 ° 02, 02 * 02, N2 M COz,
02 . 002, N2 * Hzo, 02 ® Hzo, 002 ® COz,
H,0+H,0, Ar+ Ar, Ar+ CO, and Ar* H,0
for the altitude range from 5 to 90 km.
Some of the dimer concentrations are sig-
nificant, being of the same order as minor,
rather than trace, species. It was shown
that the van der Waals molecules play im-
portant roles in neutral and ionic reac-
tions as well as infrared absorption and
emission in the natural atmosphere. A
paper published on these results is ex-
pected to generate interest in the study of
van der Waals molecules in planetary
atmospheres and their roles in various
other processes like atmospheric nuclea-
tion.

Meteor Sulfur Chemistry: Meteors
ablate in the lower ionosphere and give
rise to a host of positive ion spectra, many
of which have been properly identified to
date. However, no clear evidence for sulfur
in any form had been produced until a
Swiss group recently reported an ion of
mass 48 amu in the lower E-region.
Although titanium ions do have a mass of
48 amu, AFGL demonstrated, in col-
laboration with the Swiss group in a
theoretical study, that the 48 amu ions
they measured represent SO *, sulfur
monoxide ions. It was argued that free sul-
fur undergoes rapid processes with
molecular oxygen to produce, eventually,
the stable compound sulfur dioxide, SO,.
Most of the sulfur finds its way into neu-
tral compounds, particularly SO,. How-
ever, in the lower E-region, oxidation is
probably not yet complete as compared to
lower altitudes, and hence a sulfur species
hierarchy was suggested for the lower E-
region: [SO1>> SO | >8] >>|S " |. The
quantity of SO * in the lower ionosphere is
low, about 10 ions per cubic centimeter.
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The sulfur deposited by meteor ablation
in the atmosphere may possibly contribute
to the sulfur burden of the stratosphere,
particularly the upper stratosphere. Most
sulfur in the stratosphere, however, rises
from the earth’s surface.

Atmospheric Nitric Oxide Variations:
Nitric oxide plays a major role in the aer-
onomy of the lower ionosphere, since it
strongly influences the ionic ratio (NO " |/
|0, " | because of the fast charge transfer
process O, + NO = NO" + O, and
because ionization of NO by solar hydro-
gen Lyman alpha radiation is the main
source of the quiet daytime D-region. Ni-
tric oxide profiles derived from daytime
ion-composition measurements of the low-
er ionosphere indicate that NO concentra-
tions tend to increase by more than an
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order of magnitude with increasing solar
activity or sunspot number.
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In the AFGL-Swiss study, a best-fit NO
profile was derived for the middle atmos
phere. This experimental mean profile is
rather close to a theoretical study of Ogawa
and Shimazaki. The experimental mean
NO profile appears to provide for a quiet
electron concentration profile in the upper
D-region, which is in reasonable
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Comparison of Theoretical Nitric Oxide Pro-
file with an Experimentally Determined
Mean Profile for Mid-latitudes.

accord with the mass of observational evi-
dence. However, it should be stressed that
there are important variations in NO.
Thus, as stated in the Report on Research
for the period July 1976-December 1978
(p. 18), NO in the auroral E-region can be
enhanced over an order of magnitude with
respect to quiet conditions. This finding is
in agreement with satellite-based evi-
dence. The quantity of NO in the E-region
near 105 km tends to increase with lati-
tude for moderate to high solar activity.
This behavior must influence the amount
of NO in the D-region. Nitric oxide rises
with decreasing altitude below about 70
km because there is a stratospheric source
of NO, the destruction of nitrous oxide,
N.O.

Laboratory Measurements of Meteor
Metal Chemistry: Meteor metals may
play a role in maintaining certain chemi-
cal equilibria in the earth’s ionosphere
and stratosphere. A code is being de-
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veloped which will describe the chemical
reactions these metals undergo in their
transport from the point of injection (jono-
sphere) to the ground. Likely metallic
compound intermediates in the lower
ionosphere and in the upper stratosphere
are the monohydroxides of these metals,
which are converted to chlorides in the
stratosphere by reaction with odd chlorine
compounds. In support of this model-
making effort, the dissociation energies
and ionization potentials of some monohy-
droxides (MgOH, FeOH, CaOH, BaOH,
and AIOH) have been measured using a
high temperature mass spectrometer.
These measurements make it possible to
assess the likelihood that these species
will influence the ozone chlorine cycle.

MIDDLE ATMOSPHERE EFFECTS

The stratospheric environment has
been broadened to include the middle
atmosphere, the 15 to 85 km altitude re-
gion. This region was long excluded from
systematic investigation because of a lack
of appropriate observation techniques and
the absence of an urgent need to answer
unresolved questions. Concern has now,
however, been focused on potential en-
vironmental impacts upon the strato-
sphere. Furthermore, the middle atmos-
phere is known to affect laser and vif propa-
gation. New measurement techniques
now permit observation of trace gas consti-
tuents, aerosols, and the dynamic charac-
teristics of the middle atmosphere.

The study of middle atmosphere effects
is currently divided into three areas: elec-
trical and aerosol properties, environmen-
tal impact assessments, and optical turbu-
lence. The electrical properties of the mid-
dle atmosphere are determined by the
number density of positive and negative
ions, the ion mass, and the free electron
density. These parameters will be directly
measured at AFGL through the develop-
ment of a balloonborne ion mass spec-
trometer.




Particulate Measurements: An ex-
perimental balloon flight of the high reso-
lution AFGL/Epsilon aerosol spectrome-
ter was conducted from Holloman AFB on
May 27, 1980. Although the initial erup-
tion of Mt. St. Helens occurred several
days before this flight, the volcanic debris
had not reached the measurement area,
thereby permitting a last-chance, high-
resolution measurement of the undis-
turbed aerosol background. A comparison
of these data with data taken in May,
1973, a period of relatively undisturbed
atmosphere, shows the concentration of
particles having diameters below 0.35u to
be approximately the same as that above
the tropopause. Such is not the case,
however, for the particles greater than
0.4p in diameter. The 1980 data show a
virtual absence of particles greater than
0.4p in diameter, whereas the 1973 flight
indicated an appreciable quantity of aero-
sols in this size regime.

In sharp contrast to the foregoing
measurements are data obtained on Janu-
ary 21, 1975, three months after the erup-
tion of the Fuego volcano in Guatemala.
The particle concentration plot shows the
dramatic increase in the Junge layer, cen-
tered at 19 km, as the result of this volcan-
ic eruption. An equivalent atmospheric
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1975,

disturbance is likely as a result of the Mt.
St. Helens eruption, although no subse-
quent measurements have been made
with the AFGL Epsilon instrument.

Environmental Impact Assessments:
Concern has been focused on the strato-
sphere during the last few years because it
is becoming evident that man’s activities
can significantly change the environment.
Chlorofluoromethanes have been banned
in aerosol sprays because they may contrib-
ute to the destruction of the ozone layer in
the stratosphere. Some Air Force weapons
systems operate in the stratosphere, and
careful evaluations must be made to avoid
inadvertent modification of the environ-
ment.

The Middle-Atmospheric Effects Pro-
gram predicts what environmental
changes may occur from USAF missiles
and aircraft operations in the strato-
sphere. In this program, minor strato-
spheric constitutents, aerosols, solar ener-
gy deposition, and pollution transport
properties and residence times in the
stratosphere are measured with unique
state-of-the-art instruments flown on
large balloon systems. Mathematical mod-
els are continually revised by incorpora-
tion of the newest determinations of reac-
tion rate constants and data on density. A
respected scientific technology base and
predictive models exist to determine if
changes occur in the atmosphere as a re-
sult of emissions from USAF flight opera-
tions. This capability has been used to pro-
vide environmental assessments on air-
craft and missile systems.

Whole-Air Sampling Measurements:
The primary method for measuring the
composition of the stratosphere is to fly a
cryogenic vessel on a high altitude bal-
loon, collect a one mole sample, and return
it to the laboratory for trace gas analysis.
Cryogenic sampling provides large sample
quantities and minimum potential for
chemical changes in the stored sample,
which is frozen. The first liquid-helium-
cooled sampler used in this program col-




lected a single one-mole sample on each
flight. A newer tri-sampler collects a one-
mole samr.ie at each of three altitudes on
each flight, providing both more economi-
cal operation and same-day measure-
ments of a large altitude range.

The tri-sampler contains three sample
holders immersed in a single liquid-
helium chamber which is thermally
shielded by both liquid nitrogen and
vacuum blankets. The sampling valves
are remotely actuated in sequence. The air
sample tubes are sized for the altitude at
which they are used, so that the air mole-
cules enter at a rate slow enough to freeze
on their first contact with the cylinder
wall. Samples are taken only while the
balloon is descending, and a fan down-
stream from the sampling tube draws air
across the sample tube inlet from a larger
diameter tube, which extends 6 meters be-
low the gondola. These precautions pre-
vent contamination of the samples by the
flight package.

Stratospheric composition studies based
on in-situ whole-air sampling with a
cryogenic sampler continued with six bal-
loon flights during the reporting period.
All were successful. Initial measurements
at all five specified latitudes from 9° to
64°N and six altitudes from 12 to 30 km at
all sites have been completed. Such a spec-
trum of altitudes and latitudes is required
to establish a data base sufficient to per-
mit conclusions to be drawn about the
possible effects of Air Force operations on
stratospheric trace gases. This data base
will also facilitate development and test-
ing of theoretical models for the chemical
budget and transport within the strato-
sphere, both for the oxides of nitrogen and
the fluorocarbons. The initial set of
measurements from twenty-two balloon
flights are considered baseline values
against which future, potential changes
can be compared. Oxides of nitrogen con-
tent have been shown to be quite variable
aad larger than generally predicted. They
aiso exhibit considerable diurnal depend-
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ence but, at best, a marginal latitudinal
dependence. Fluorocarbon concentrations
have been shown to decrease from tropo-
pause values (similar to tropospheric
values) down to roughiy 10 percent of
these values at a 30 km altitude. Measure-
ments have not, so far, indicated year-to-
year variations in mixing ratios within
the stratosphere. Occasionally, folded pro-
files have been obtained, indicating verti-
cal air motion within the stratosphere.

Central to the ability to measure trace-
gas concentrations down to the required
parts per trillion range is the need to
accurately calibrate the diagnostic equip-
ment down to this range. The initial
method involved successive dynamic dilu-
tions of the five species of interest through
titration tubes. Improved accuracy has
been provided through addition of two
other methods: precision electronic mass-
flow controllers and permeation tubes. All
three methods produce agreement to with-
in a few percent.

Stratospheric Solar Ultraviolet
Measurements: For accurate modeling of
the stratosphere it is necessary to know
the solar irradiance as a function of height
in the absorbing region and the variability
of the irradiance during the 11-year solar
activity cycle. Previous estimates of the
variability have ranged from a few percent
to factors of three or four. AFGL has made
measurements of the solar irradiance in
the wavelength range up to 40 km in bal-
loon flights of April 1977, April 1978, and
April 1980, and an additional flight is
planned for & pril 1981. These flights span
a change from a minimum to maximum
solar activity, as monitored by other in-
dicators. The change in the 2000-3000 A
region of the spectrum will be investigated
in the data from these four flights. On
theoretical grounds, the change is ex-
pected to be only a few percent and diffi-
cult to detect. Therefore, the measuring
instrument has been carefully calibrated
against standards of irradiance before and
after each flight.
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The instrument used for these measure-
ments is an ultraviolet spectrometer of the
Ebert-Fastie type with a wavelength reso-
lution 0f 0.12 A. It is mounted on a balloon-
borne biaxial solar-pointing contrsl and
carried to a float altitude of 40 km by an 11
million cu ft balloon. The spectrometer
makes measurements during ascent and
descent, as well as during a three-hour
period at the float altitude.

Turbulence Studies: A critical value of
the gradient Richardson number, deter-
mined from rawinsonde measurements of
winds and temperatures, is used as an in-
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dicator of the presence of turbulence in the
lower atmosphere. These twice daily sets
of balloon measurements of temperature
and winds are obtained from ground level
to approximately 30 km at 144 stations
located mainly in North and South Amer-
ica. Data from the years 1971-1975 have
been used to determine the relative fre-
quency of occurrence of turbulence as a
function of season, location (latitude and
longitude) and altitude.

Layers of high occurrences of turbulence
are found near 10 km at low latitudes in
the winter. This 10 km peak layer dimin-
ishes in amplitude with increasing lati-

tude. The summer peak layer at 10 km is
low in amplitude near the equator and in-
creases in amplitude at nearly the same
rate with latitude as the winter peak di-
minishes. The spring and fall peak layers
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fall between winter and summer values
and are very nearly equal in amplitude.
This seasonal and latitudinal effect is
shown here. Each plotted point represents
a five year average in the percent occur-
rences of turbulence at the 10 km level.
Data from ten stations were used, ranging
from the northern coast of South America,
through the Caribbean, across the tip of
Florida, and along the eastern coast of the
United States.

A regression analysis has been per-
formed on data from twenty-one stations
located throughout the continental United
States. It relates the turbulence indicator
to location (latitude and longitude), alti-
tude, season, and year. Results obtained
from this statistical analysis indicate that
consistent patterns of turbulence appear
from year to year and can be predicted
fairly well. The ability to model and pre-
dict layers of turbulence in the lower
atmosphere is important in determining
the nature and degree of dispersion of pol-
lutants as well as the effects of pollution on
communications, surveillance, and detec-
tion.
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Theories of turbulence usually make the
simplifying assumption that the turbu-
lence is homogeneous. The stratosphere,
however, is an unusually stable “fluid”
which causes the turbulence to take on a
very peculiar structure, namely, that of
layers that spread out in the horizontal
direction for miles but are relatively thin
{200 meters) and have been compared to
pancakes. These are separated by thick
laminar layers that typically occupy a few
percent of the fluid volume. It is hard to
imagine how this turbulence could be
more inhomogeneous.

This laboratory has developed a new
turbulence transport parameter (in the
vertical direction) which, for the first time,
accurately reflects this physical situation.
This new parameter takes the place of, but
must not be confused with, the “eddy diffu-
sion” coefficient. The validity of this con-
cept was proved mathematically and will
be published in 1981 as a cover story in
Science. It is a breakthrough of general
applicability (e.g., oceans, upper tropo-
sphere).

To connect the new parameter to
observations and to older theories and to
define its limits of applicability, a research
study was conducted and published as an
in-house report (790042). Another in-
house report (800186) was devoted to a
rather detailed display of computer
simulations which demonstrated the self-
consistency of the concept. One of the key
assumptions for the valid application of
the new approach is that the turbulent
layers cause a high degree of mixing be-
fore they decay, and a study was made and
then published (790091) which gave both
theoretical and experimental evidence
that this is a correct assumption.

The new turbulence parameter, when
applied to existing data, gave ten times
the vertical transport usually attributed
to stratospheric turbulence. In view of this
discrepancy. a critical review of the other
work was performed. The conclusion was
reached that, until certain key experi-
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mental observations are made, we will not
know the significance of local turbulence
in the transport of pollution in the strato-
sphere so far as “residence time” is con-
cerned. As things now stand, one cannot
even say whether it plays a dominant or
insignificant role in comparison to global
circulation.

Optical Turbulence: Turbulence effects
on light transmission have been studied
for decades, the twinkling of stars being
the prime example of the observed turbu-
lence effect. The advent of powerful lasers
in many military applications, including
weapons, communication and surveil-
lance systems, has led to a study of turbu-
lence effects on optical systems. It has be-
come important to know the extent and
characteristics of atmospheric turbulence.
AFGL is currently involved in an optical
turbulence program that brings together
all the methods of measuring optical
turbulence and is conducting a compara-
tive measurement program. AFGL has
modified the radiosonde to obtain higher
resolution data. This high resolution data
will permit interpretation and correlation
of the different techniques of measuring
optical turbulence. A large tutorial report
(800030) was prepared and published,
which not only describes in simple terms
the physics of optical turbulence and its
effects on systems, but also contains a com-
prehensive description of how one calcu-
lates the main parameters relating to sys-
tem design. A field program has been
started to determine atmospheric parame-
ters and their connection (through models)
with synoptic, geographical, and diurnal
data.

SOLAR ULTRAVIOLET RADIATION

Only 2 percent of the solar energy radi-
ated from the sun is emitted in the ultra-
violet (uv) region of the solar spectrum,
which extends from 30 to 3500 A. Because
this radiation is completely absorbed by
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the upper atmospheric atoms and mole-
cules, it is the principal source of energy in
the earth’s upper atmosphere. The absorp-
tion of solar uv radiation in the atmosphere
controls the composition, temperature, and
photochemistry of the atmosphere and is the
principal source of production of the ionos-
phere and an important source for atmos-
pheric airglow radiation.

To develop quantitative upper atmos-
pheric and ionospheric models for predict-
ing neutral and charged-particle distribu-
tions, accurate measurements of the abso-
lute intensity and spectral distribution of
solar uv radiation incident on the earth’s
atmosphere are needed. Data are also re-
quired on the variation of the radiation
during periods of changing solar activity.
Measurements of solar uv radiation are
made with optical spectrometers mounted
on solar-pointed platforms that are flown
in rockets and satellites.

Rocket Measurements of Solar UV: A
rocket experiment was flown from the
White Sands Missile Range, NM, on Au-
gust 14, 1979, to obtain simultaneous
measurements of the solar ultraviolet
flux, the energy distribution and density
of atmospheric photoelectrons, and
molecular nitrogen (N,) airglow radia-
tion. The parameters are interrelated. The
photoionization of atmospheric gases by
solar ultraviolet radiation at wavelengths
shorter than 1026 A produces electrons
having an energy range from approxi-
mately 0 to 100 eV. These atmospheric
photoelectrons then excite the N, second
positive band as well as other emission
lines and bands of various atomic and
molecular species. The purpose of the rock-
et experiment was to measure these pa-
rameters within the atmosphere to verify
a theoretical model developed to deter-
mine if atmospheric density profiles can be
determined remotely from a satellite by
observing optical emissions from the
earth’s upper atmosphere.

The rocket payload was instrumented

with a grazing incidence spectrometer to
measure solar uv flux between 50 and
1026 A emitted from the full solar disk.
The spectrometer was pointed at the cen-
ter of the solar disk with a biaxial solar-
pointing control. The energy distribution
and density of the atmospheric photoelec-
trons in the energy range between 2.4 and
5.7 eV and between 14 and 34 eV were
measured with an electron energy analyz-
er. This analyzer was mounted on the rear
surface of the solar-pointed spectrometer
so that the entrance aperture of the ana-
lyzer was pointed nearly in an anti-solar
direction. This orientation shields the
analyzer aperture from solar uv radiation
that would produce extraneous photoelec-
trons and degrade the analyzer data. The
electron analyzer could be adjusted to
align its axis nearly parallel to the
geomagnetic field lines. The experiment
was successful and the rocket payloads
were recovered. The data have been re-
duced and analyzed and are now being
used to verify the theoretical model for
obtaining atmospheric density profiles
from optical emissions within the earth’s
atmosphere.

On September 18, 1980, an Ebert-Fastie
spectrometer mounted on a solar-pointing
control was flown in a rocket from the
White Sands Missile Range, NM. Solar
ultraviolet (uv) radiation incident on the
top of the earth’s atmosphere was meas-
ured for the wavelength range from 1750
to 3200 A with a spectral resolution of 0.1
A. The experiment was one of a series of
five rocket flights that have been flown
during the rising phase of the present 11-
year solar cycle 21. The first experiment
was flown in May, 1976, which is close to
the minimum level of activity of cycle 21.
Three experiments were flown during
April and August, 1977, and September,
1978, while the level of solar activity was
increasing. The flight of September 18,
1980, was close to the maximum level of
activity for cycle 21. The data from the five
rocket flights will allow a determination of




e

the variation of solar uv radiation between
1750 and 3200 A from the minimum to the
maximum level of activily for a solar cycle.

This wavelength region is of importance to .

the study of photochemical processes
occurring in the stratosphere and to the
development of stratospheric models.

Four rocket payloads to be launched
from Poker Flat Research Range, Alaska,
during March, 1981, are being assembled.
As part of the Auroral-E program, the
objectives of the rocket experiments are to
measure several interrelated auroral pa-
rameters, during steady-state auroral con-
ditions, that are needed for correlating au-
roral optical emissions with electron den-
sity profiles. The rocket payloads will con-
tain several instruments. Electron and
proton analyzers will measure the energy
distribution and density of electrons be-
tween 1 eV and 20 keV and protons be-
tween 50 eV and 60 keV. Optical spec-
trometers and photometers will measure
auroral optical emissions of several emis-
sion lines and bands in the wavelength
range from 1300 to 5700 A. A switched
positive ion and neutral mass spectrome-
ter will measure auroral ions, and a pulsed
plasma probe will provide data on electron
density and temperature. Auroral electric
fields will be measured with extended
booms, and upper atmosphere winds will
be determined by photographing, from the
ground, vapor trails produced by a chemi-
cal (TMA) released from one of the rockets.
The data will be used to verify theoretical
models being developed for use in deter-
mining auroral electron-density profiles
from a satellite.

Satellite Measurements of Solar UV:
Satellite-borne optical spectrometers
allow long-term variations of solar uv
radiation associated with changing levels
of solar activity to be measured. This
Laboratory has flown three solar ultra-
violet spectrometers on the NASA Atmos-
phere Explorer (AE) series of satellites.
Twenty-four individual gra-ing-incidence
units mounted on a solar-pointed platform
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obtain solar uv radiation measurements
for the wavelength range from 140 to 1850
A. The first satellite, AE-C, was launched
during 1973. The second (AE-D) and third
(AE-E) satellites were launched during
1975. The satellite AE-D became inopera-
tive approximately one month after
launch. However, AE-C was still operat-
ing when AE-E was launched so that con-
tinuous data were obtained with these two
satellites. The satellite AE-E continues to
provide data on solar uv radiation. These
satellite flights have measured, for the
first time, the long-term variations of so-
lar uv radiation continuously from the
minimum through the maximum level of
activity of an 11-year solar cycle. The
highest levels of flux measured near solar
maximum between November, 1979, and
January, 1980, were found to exceed the
minimum levels of July, 1976, by signifi-
cant amounts, depending upon the wave-
length. At longer wavelengths, the in-
crease in flux ranged from a factor of 1.2
near 1800 A to 2.5 near 1400 A. At shorter
wavelengths, chromospheric solar lines
increased by a factor of from 2 to 3.5 and
coronal lines by as much as 100.

Absolute values of solar uv radiation
and its variability are needed to allow
accurate modeling of the composition and
structure of the upper atmosphere and
ionosphere and to predict the response of
the atmosphere and ionosphere to temporal
variations in the radiation,

ATMOSPHERIC UV RADIATION

Knowledge of the naturally-occurring
ultraviolet emission from the earth’s
atmosphere is necessary before the ultra-
violet can be used for such purposes as
missile detection, auroral and ionospheric
remote sensing, and horizon location.
Since the atmosphere is opaque to the
ultraviolet at wavelengths shorter than
about 2900 A, the ultraviolet is used in
space-based observation systems taking
advantage of the extremely low level of
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natural background emission. While the
emission background is known to be small,
its exact value and wavelength distribu-
tion during both day and night have not
been well characterized and have general-
ly not been included in aeronomic models.

Ultraviolet Backgrounds Satellite Ex-
periment: Measurements of the ultra-
violet background were obtained on the
Space Test Program flight S3-4 in 1978,
The sensor package measured the back-

Ebert-Fastie Spectrometer Flown in Auro-
ral-£ Pavload.

ground of the atmospheric radiance from
space in the nadir. or earth-center, direc-
tion from the polar-orbiting satellite. The
range from 1100 to 2900 A was covered by
two one-quarter meter Ebert-Fastie spec-
trometers, and the range from 1100 to
1900 A was covered by anyv one of four
filters in a photometer having a variable
aperture.

Observations included the auroral zone
seen both night and day. the night tropical
uv airglow belts, and twilight effects. as
well as the airglow and solar-scattering
components of the day and night back-
grounds. Spectral features measured in-
cluded the oxygen atom (1356 and 1304 A
lines), the nitrogen Lvman-Birge-
Hopfield bands tabout 1250-2200 A, the
hydrogen Lyman alpha line (1216 A\, the

oxygen Herzberg bands (2500-2900 A),
and the nitric oxide delta and gamma
bands (about 1900-2400 A). In addition, a
previously unrecognized nitrogen Lyman-
Birge-Hopfield source in the night and day
northern hemisphere was found. Initial
publication has been made of these re-
sults.

The satellite experiment AFGL-101,
Auroral/lonospheric Mapper (AIM), was
begun during this period. Based on S3-4
data, it is being designed to obtain global
images of the aurora and the ionosphere
from a polar-orbiting stabilized space-
craft. Any 30 A band in the 1100-2000 A
region can be isolated by command of a
spectrometer. A rotating mirror sweeps
the nadir field of view from horizon to hori-
zon with 25 km resolution. In this way,
images are obtained similar to present
visual wavelength images from the De-
fense Meteorological Satellite Program.
Initial specifications were developed in
this period.

An ultraviolet calibration facility has
been built to calibrate and test the flight
sensors, using calibrated detectors from
the National Bureau of Standards. The
AFGL digicon sensors for the Multispec-
tral Measurement Program used on an
Aries rocket payload have also been cali-
brated in this facility, as have a number of
other sensors for Army. Navy, and Air
Force programs.

Horizon Ultraviolet Program: The
brightness of the horizon seen in the ultra-
violet must be measured to develop space-
craft horizon or altitude sensors. Design
and fabrication of prototype sensors were
finished. A preliminary test flight of one
sensor, AFGL 801A. is being prepared for
an early shuttle flight. The full comple-
ment of six sensors. AFGL-801B or 801C,
covering the range from 1100 to 4000 A is
being built. The one-eighth meter Ebert-
Fastie spectrometer used as the key com-
ponent in this sensor is shown here.

Auroral and lonospheric Remote Sens-
ing: The examination of the 83-4 data in
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1979 demonstrated the great potential of
the vacuum ultraviolet to detect auroral
excitation regions both day and night. Au-
roras indicate disturbed ionospheric con-
ditions adversely affecting communica-
tions and radar systems. The possibility of
observing auroral and ionospheric regions
from space has resulted in two types of
effort: the Auroral E-program and the Au-
roral/lonospheric Mapper (AIM) experi-
ment. The Auroral E-program observes a
diffuse (continuous) aurora with rockets,
aircraft, and ground-based radar. AFGL
provided ultraviolet and visible sensors
for a Taurus-Orion payload. The field pro-
gram is planned for February-March 1981
at Poker Flat Researth Range, Alaska.

SATELLITE ACCELEROMETER DENSITY
MEASUREMENTS

A major goal of the satellite accelerome-
ter program has been the development of
improved global empirical models for the
lower thermosphere. In addition to being
extremely useful for organizing and ana-
lyzing large data sets, models of this type
can generate atmospheric density predic-
tions required for Air Force operations.
Using data from MESA (Miniature Elec-
troStatic Accelerometer) accelerometers

.
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on the four low-altitude satellites S3-1 and
AE-C, -D and -E, we formulated an initial
model to describe the quiescent atmos-
phere from 140-250 km. (The large density
variations related to geomagnetic storms
were not included in this model.) We
selected data from 2000 orbits :orre-
sponding to periods of low geomagnetic
activity. Ten terms were used in a linear
regression analysis to describe density
variations associated with local time, day
of year, and a narrow range of solar and
geomagnetic conditions. The following re-
sults, given at an altitude of 200 km, indi-
cate the magnitude of the derived density
variations. An increase of 40 solar flux
units (from F,, ; = 60to F,,7; = 100 units)
results in a density increase of 20 percent.
For the low range of geomagnetic activity
represented by the range of a, from 0 to 15,
the density increase is 11 percent. The
semiannual variation, derived by super-
imposing pure sine and cosine terms, each
with periods of one-half year and one-third
year, shows maxima on April 21 and Octo-
ber 13 and minima on January 6 and July
25. Peak-to-peak amplitude was 21 per-
cent. The diurnal variation reached its
maximum at 1430 hours and exhibited an
amplitude of 9 percent.

This regression model was compared
with three currently used atmospheric
models J71, J77 and MSIS. Each of the
models showed significant differences in
specific representations of atmospheric

variability. The J71 model was in closest
agreement with the empirical model for

the range of solar flux and geomagnetic
activity variations. Local time variations
were best represented by the MSIS model.
All three models showed general agree-
ment with the phase of the semiannual
variation but predicted a larger ampli-
tude. MSIS, with a 31 percent amplitude
prediction, was closest to the empirical
model. These comparisons demonstrate
the requirement for continued theoretical
and experimental effort to develop accu-
rate atmospheric models.
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Major features of the diurnal variation
in atomic oxygen, molecular nitrogen, and
total mass density below 250 km were
elucidated by using a theoretical analysis
and satellite accelerometer data. Season-
al, latitudinal, solar cycle, and altitudinal
dependence were computed with a formal-
ism using tidal winds and temperatures as
external inputs. The input tidal fields
were computed a priori by numerically
solving the linearized tidal equations for a
spherical, rotating viscous atmosphere
with anisotropic ion drag and thermal ex-
citation by in situ absorption of uv and euv
radiation. These theoretical calculations
showed that the diurnal tidal components
of O, Ny, and total mass density should
possess seasonal and latitudinal vari-
ations that are sufficiently large to be of
interest to researchers involved in the
modeling and interpretation of data in the
thermosphere and ionosphere.

Only scant observational data are avail-
able to test these theoretical predictions.
Using the extensive accelerometer data
base, we could verify the manner in which
the diurnal phase varied with latitude.
Seasonal divisions of the data set were not
possible. The empirical model terms were
used to calculate density in 2-hour local
time bins and 20° latitude bins at 10 km
altitude intervals. A least-squares har-
monic analysis was performed at each
height and latitude to determine the tidal
components. The results showed that be-
low about 180 km there is a phase shift to
later local times from the equator to mid-
latitudes. The magnitude of this shift is
approximately seven hours from the
equator to 50°N. These results were in
good agreement with the theoretical
values. The effect is basically a manifesta-
tion of the relative amplitudes and phases
of O and N, variations at different lati-
tudes, which are in turn controlled by the
influences of tidal winds and temperature
in determining tidal changes in composi-
tion.

The present empirical model is being
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Comparison of Theoretical Diurnal Phases of
Total Mass Density at Latitudes 10°, 30°, and
50° with Tidal Determinations from MESA
Accelerometer Data over Corresponding
Latitude Bands. The experimental data con-
firm the predicted shift of the diurnal phase
to later local times with increasing latitude
at altitudes below about 200 km.

extended to incorporate conditions of mod-
erate and high geomagnetic activity. In
this model, the amplitude of geomagnetic-
activity variations in density is a function
of both latitude and season. A latitude-
dependent time delay has also been de-
rived. It varies from three hours at the
auroral zone to eight hours at the equator.
A latitudinal dependence has also been in-
cluded for terms associated with the local
time and day-of-year variations. All 8000
orbits in the density data base are being
used in this study. A total of twenty-four
terms describe atmospheric variations.
This new model is nearly completed. It will
provide a more accurate description of the
satellite-measured density results than
other atmospheric models presently avail-
able. A preliminary result is shown in the
contour plot.

A single proof-mass triaxial accelerome-
ter was successfully flown during 1979 on
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Typical Contour Plot of Density at 200 km as
Function of Geographic Latitude and Day of
Year. The data correspond to a solar flux of
75 units. a local time of 1400 hours, and low
geomagnetic activity. The numbers signify
relative density values scaled to the maxi-
mum value of 1.0 occurring at 90°N on day
240.

a three-axis stabilized low-altitude satel-
lite in a near polar orbit. The instrument
accurately measured accelerations in the
satellite’s in-track, cross-track and radial
directions at altitudes ranging from 165 to
270 km. The in-track data provide direct
determination of atmospheric density.
These data, obtained during a period of
high solar flux, supplement the extensive
set of measurements obtained by previous
accelerometer experiments during low so-
lar-flux conditions. They will permit ex-
tension of present empirical models to in-
clude a more accurate representation of
solar cycle variability of the neutral
atmosphere. The cross-track data permit,
for the first time, large scale measure-
ments of the zonal component of horizontal
neutral winds. Results obtained during a
large geomagnetic storm are being stud-
ied. The data show eastward winds with
speeds of the order of 100 m/sec at low and
middle latitudes. At latitudes greater
than about 65°N there is a sharp reversal
in direction to westward and speeds as
high as 800 m/sec are encountered. These
observations reveal the influence on the
neutral atmosphere of ionospheric mo-
tions driven by large-scale electric fields.
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The radial axis accelerations, which have
been measured for the first time with a
satellite, provide information on vertical
atmospheric motions. These measure-
ments are presently being analyzed.
Atmospheric dynamic processes are ex-
tremely complex and variable. The com-
bination of simultaneous accelerometer
measurements of density and horizontal
and vertical winds provides a unique
opportunity to make fundamental prog-
ress toward development of more accurate
global density models.

UPPER ATMOSPHERE DENSITY
MEASUREMENTS

Neutral density measurements ob-
tained on board the Air Force S3 satellites
have been reduced, processed and merged
into an extensive geophysical data base.
Methods and data handling techniques de-
veloped during the reduction and proces-
sing phases were previously reported and
will be used again for handling the ex-
perimental data obtained from on board
the S3-4 satellite. These S3-4 measure-
ments will be decommutated and digitized
later this year and provided to AFGL,
where computer processing into density
results will begin. Presently the ionization
gauge data base is comprised of over two
hundred thousand values. A statistical
and correlative analysis of the data base
produced results indicative of atmospheric
tidal effects displaying hemispherical
asymmetry. These effects were more pro-
nounced at higher altitudes (>200 km)
than-at lower (near perigee) altitudes. Ini-
tial results from this analysis have been
reported, and additional study is planned
to delineate the extent of these effects.
Data are also being examined to extract
semiannual density variations which are
known to exist, although the causative
mechanisms are not at all certain. The re-
sults from this study will also be reported if
significant variations are derived.

A LIDAR (Light Detection and Rang-
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ing) engineering design for a ground-
based system, utilizing a two-color neody-
mium-YAG laser at wavelengths 355 nm
and 532 nm, was completed. This ground-
based LIDAR system will be capable of
determining upper atmosphere densities
at altitudes from about 20 km to 100 km.
Eventual applications of the system will
include deployment as a mobile, portable
station to be used in measuring atmos-
pheric density variations in support of Air
Force systems development. Further ap-
plications will include measurements of
the seasonal and other systematic vari-
ations of atmospheric density and the
aerosol content of the atmosphere as a
function of altitude. Implementation of
the LIDAR design has begun with initia-
tion of the acquisition of long lead-time
components, such as a suitable Dall-
Kirkham receiving telescope and Nd-YAG
laser.

The LIDAR system will be pulse-
operated, transmitting simultaneously at
both color wavelengths, 532 nm (green)
and 355 nm (near uv). LIDAR backscat-
tered signals will be acquired by the re-
ceiving telescope, with photon counting
being accomplished with high sensitivity
photomultiplier tubes. The dual wave-
length transmission is required in order to
discriminate between backscattered
molecular (Rayleigh scatter) density sig-
nals and backscattered aerosol returns
{Mie scatter).

THEORETICAL DENSITY STUDIES

The expected global distributions of exo-
spheric temperature were studied for the
period from December 1847 to September
1980, using sunspot numbers to specify
solar activity and the U.S. Standard
Atmosphere supplements (1966) to model
variations in the spatial, solar flux and
geomagnetic activity. This period corre-
sponds to 12 solar cycles and was chosen so
that accurate statistics could be obtained
for long-term mean and median exospher-

ic temperatures and the distributions
about these values. The long-term average
global distribution of exospheric tempera-
ture, including the effects of geomagnetic
activity, is shown here. The contribution
from geomagnetic activity was based on
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US66 Model.

the distribution of geomagnetic activity
for solar cycle 20. The long-term mean exo-
spheric temperature was found to be about
10 percent lower than that for the past two
solar cycles and about 40 percent lower
than that for cycle 19.

The properties of the mesosphere and
lower thermosphere were reviewed. The
variability and systematic variations of
the properties of the upper mesosphere
and lower thermosphere are probably the
least well-known aspects of the terrestrial
atmosphere. Satellite measurements of
these regions are very limited, and rocket
and remote-sounding techniques do not
provide comprehensive coverage. The re-
view covered recent theoretical work and
data on diurnal, semidiurnal and terdiur-
nal tides in total density and composition
in the lower thermosphere. The predomi-
nant tide changes from semidiurnal below
approximately 180 km to diurnal above
this altitude; the semidiurnal tide has an
important latitude dependence.

A significant amount of data from the
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Theoretical Calculations for Amplitude of
Diurnal and Semidiurnal Components of
Total Mass Density at 0°N and 40°N under
Equinox Conditions at Sunspot Minimum,
using the Forbes 1978 Model with Tidal
Winds and Temperatures from Garrett and
Forbes, 1978, as Input.

mesosphere and lower thermosphere sug-
gests that the occurrence and magnitude
of turbulence, oxygen green-line intensi-
ty, median meridional and zonal winds,
and temperatures are dependent on the
solar cycle. The decrease in the tempera-
ture gradient of the lower thermosphere,
observed at high latitudes during high so-
lar activity, might be due to an increase in
nitric oxide concentration produced by
chemical reactions resulting from high
fluxes of precipitating particles and subse-
quent cooling due to increased infrared
radiation at 5.3 microns.

Progress has been made in the theoreti-
cal modeling of tidal variations in thermo-
spheric composition and total mass density.
The mathematical formulation and selec-
tion of model parameters for an atmos-
pheric tidal model have been completed.
Diurnal oscillations in wind, temperature,
density and pressure fields from the sur-
face to 400 km have been calculated. Ther-
mospheric extensions of the westerly wind
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velocity, northerly velocity and vertical
velocity have also been computed. For exo-
spheric temperatures of 600, 800, 1000,
1200 and 1400 K, temperature fields
associated with the (2,2), (2,3), (2,4), and
(2,5) tidal modes have been calculated.

Work has continued on satellite orbital
studies, which have been primarily aimed
at deriving atmospheric densities from
orbital decay, and developing and evaluat-
ing density models for use in predicting
satellite ephemerides. The performance of
the MSIS 1977 and 1979 (UT/Longitude)
models was evaluated in orbit determina-
tion and ephemeris prediction for several
low-altitude satellites. The difference in
accuracy between these two models for
these conditions was not statistically sig-
nificant. A number of orbit determination/
ephemeris prediction runs were made us-
ing observations for a low-altitude satel-
lite to compare the accuracy of the 1971
and 1977 Jacchia models and the 1977
MSIS model. During high geomagnetic
activity, the 24-hour prediction error for
the 1977 Jacchia model was considerably
larger than for the other two models. This
indicates that the 1977 Jacchia model re-
sponds too strongly to geomagnetic activ-
ity. Research is underway to develop a
modification to the 1977 Jacchia model to
improve its response to geomagnetic activ-
ity.

An analytic representation of the 1977
Jacchia model atmosphere has been de-
veloped. This model, designated the Jac-
chia-Bass model, uses modified Jacchia-
Walker temperature profiles to represent
accurately the 1977 Jacchia temperature
profiles above 125 km. The diffusive
equilibrium equations are analytically in-
tegrable for these profiles, greatly reduc-
ing the need for tabular storage of solu-
tions. The accuracy of the Jacchia-Bass
model compares favorably with that of the
1977 Jacchia Model, and computer storage
requirements are significantly reduced
although the computer processing time is
nearly the same for both models.
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Another method for reducing the stor-
age requirements for the 1977 Jacchia
model was developed. The principle of this
method is to simplify the tables for solu-
tions of the diffusion equation. Instead of
having tables for all the constituents, only
a table of one major constituent is re-
quired, plus the temperature profile, num-
ber density ratios at the turbopause, and
the scale heights for each species. A sepa-
rate table is needed for hydrogen because
it is not in diffusive equilibrium. This pro-
cedure has reduced computer storage re-
quirements again, and gives accuracy
comparable to the full Jacchia 1977 model.

~

Isotherms of the Mean Normalized Tempera-
ture Increase Derived from N, Densities for
K, in the Range 3-4,

Analysis of satellite mass spectrometer
data from ESRO4 is being used in the de-
velopment of a detailed global model of
geomagnetic variation, including depend-
ence on local time. The data for an altitude
of 280 km were used to compute the global
distributions of argon, helium, atomic oxy-
gen, and molecular nitrogen under dis-
turbed geomagnetic conditions. This study
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forms the basis for the previously men-
tioned improvement in the representation
of geomagnetic disturbance in the 1977
Jacchia model. Isotherms of the mean nor-
malized temperature increase are derived
from molecular nitrogen densities for K,
in the range 3-4, where K is the time-
lagged value for the geomagnetic index,
K,. The plot uses magnetic latitude and
local time as coordinates and covers the
region poleward of about 30° latitude. Two
maxima are located near the pole. The
larger of these is centered at about 9" LMT
at a latitude of about 80°, while the other
near O" LMT occurs at a latitude ot about
75°. These maxima seem to be related to
heating resulting from particle precipita-
tion. There is also evidence of Joule heat-
ing due to the auroral electrojets in the
morning and evening auroral belts. En-
hancement of the temperature response in
middle latitudes can be observed through-
out the night side and in a region centered
in the late afternoon.

CHEMICAL TRANSPORT MODELS,
TURBULENCE AND FORCING
FUNCTIONS

The combined use of mass-spectrometer
and chemical-trail observations of the tur-
bopause (by determining, respectively, the
altitude that marks the neutral species
transition from mixed to diffusive equilib-
rium and the cessation of turbulent fluc-
tuations in the chemical trail) shows hat
mid- and high-northern latitudes have
similar turbopause altitudes in winter and
a significant diurnal variation. The joint
spring-summer results, with some lati-
tude divergence, also demonstrate a diur-
nal variability. Further, they unambigu-
ously show that the turbopause is signifi-
cantly lower in the summer than in the
winter. A comprehensive body of data at
mid-latitude (30°N) measured around a
fixed hour clearly shows a Gaussian-like
distribution of the turbopause altitude,
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Winter Diurnal Variation of the Turbopause
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als 1, 2. and 3 represents three time-sequen-
tial experiments that graphically show the
nighttime rise of the turbopause.

from which is inferred the most probable
turbopause altitude for this season, lati-
tude, and hour.

To examine the role of metallic ions in
the ionosphere we have incorporated
sodium into the one-dimensional ion neu-
tral model of the mesosphere and thermo-
sphere (up to 400 km). We have also util-
ized the experimental results of the mid-
latitude turbopause diurnal variability in
these calculations. We assume meteoric
ablative mechanisms as the source of
neutral free sodium, proceeding then via
chemical reactions to the end product,
sodium bicarbonate. The sodium bicarbon-
ate then effectively transfers net sodium
through the lower boundary into the
stratosphere by turbulent transport. In
these calculations neutral sodium [Na] is
in ablative-chemical equilibrium, but the
sodium ion [Na ' |, having a fairly long
chemical life, may be affected to a signifi-
cant degree by transport. These results are
seen in the noon and midnight profiles of
neutral sodium and the sodium 10n. [Na] is
confined around the meteoric source re-
gion of 90 km, but does exhibit diurnal
variability. INa |, on the other hand, is

NO.

significantly modulated by turbulent
transport. The midnight [Na * ] concentra-
tion is larger than the noon profile in the
lower thermosphere at the same time that
the [Na)] concentration is significantly
lower than the noon value below 100 km.
The shape of the [Na * ] profile is indicative
of a dynamicaily controlled species
affected by the diurnal variability of the
turbopause altitude and molecular diffu-
sion. This then leaves more [Na* ] in the
lower thermosphere, where the chemical
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Histogram Showing the Number of Occur-
rences of the Turbopause at Each Kilometer
for the Time Period 0400 to 0600 hr. The
solid line is a Gaussian distribution, witha 6
km half-width drawn through the data
points, and it roughly describes the observa-
tions.

reactions are less effective, and thus we
have free [Na * | ions migrating up into the
thermosphere. As demonstrated by these
preliminary results, this pumping mech-
anism may be the process whereby metal-
lic ions, that have no local thermospheric
source, are observed at high elevations in
the thermosphere.

The study of turbulence in the meso-
sphere was conducted by using the
Richardson number (R)) as the criterion of
turbulent motions and parameters.
Richardson number normalized non-
dimensional velocities & R, (where u' is
the turbulent velocity and U the mean
wind velocity) are shown to be altitude-
invariant as functions of R, in two exten-
sive lower atmospheric experiments.
Similarly, the non-dimensional source
function (ER' (where u'w’ is the correla-
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Preliminary Results of the Model Calcula-
tion Showing the Noon and Midnight Pro-
files of Neutral and lonic Sodium (INa] and
|Na * ). These results demonstrate the ther-
mospheric penetration by [Na ' |.due mainly
to turbopause variability.

tion of the horizontal and vertical turbu-
lent velocities) is also shown to be in-
variant and dependent only upon the
Richardson number. Once these stand-
ardized Richardson number relations
ratios are determined, they are then util-
ized in finding the turbulent parameters of
the upper stratosphere and mesosphere.
The data base considered for this analy-
sis was the rocket grenade data that sup-
plies winds and temperatures from 30 to
90 km. These data are utilized in deter-
mining the Richardson number. Then, by
application of the previously determined
ratios as functions of R,. we deduce the
turbulent motions of this region of the
atmosphere, such as the scalar tempera-
ture diffusivity, the resultant rate of local
heating due both to dissipation and posi-
tive and negative heat transfer, and the
momentum transfer to and from the mean
motions by Reynolds stress. These analy-
ses are compared to the results of the
analysis of the Groves dynamic model
atmosphere by Ebel (1974}, where he de-
termined the necessary amplitude of heat
and momentum sources locally required to
maintain the observed temperature and
wind distributions. The Ebel results and

those of this turbulence analysis are quite
similar in phase and amplitude to both the
heat and momentum production and loss
mechanisms, as shown here for momen-
tum. This is particularly so where these
results predict a reversal of phase of both
heating and momentum transfer at the
altitude of ~ 70 km.
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Annual Average of the Turbulent Accelera-
tion and Deceleration of the Mean Mass Mo-
tion from 40 to 90 km. Also shown are the
required source values from Ebel (1974). The
crosses denote the analysis utilizing rocket
grenade data.

ATMOSPHERIC ION CHEMISTRY

Experimental research on the chemis-
try of atmospheric positive and negative
ions has included studies on reactions be-
tween several normal and pollutant
atmospheric neutral species with such
ionsas N, O, N,”, H. CN , OH
* nH,0, and NO, . The objective of this
research is to provide data on reaction
cross sections, rate coefficients, bond dis-
suciation energies, and electron affinities,
and information on reaction mechanisms.
Such data are required as inputs for the
computer models used to predict the
effects of natural and nuclear perturba-
tions upon atmospheric composition and
density.
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Cross Sections for the Reaction Converting
the Bicarbonate Ion to the Bisulfite Ion in
the Gas Phase as a Function of Energy.

The studies on ion-neutral reactions are
performed both at suprathermal energies,
for example 0.3 eV to 100 eV, and at ther-
mal energies, about 0.03 eV. In the former
case, a mass-analyzed beam of reactant
ions reacts with neutral molecules in a
thin collision chamber. Ions issuing from
this chamber are mass-analyzed and
counted. Velocity and/or energy analysis
of these ions is also possible. The parame-
ters measured are reaction cross sections
as a function of interaction energy. A reac-
tion cross section may be converted to a
reaction rate coefficient, a quantity more
generally useful in modeling atmospheric
phenomena, if the energy dependence of
the cross section and the energy distribu-
tion function are known. For example, in

the figure the species HCOjy", the bicar--

bonate ion, familiar in solution chemistry
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but also present in the atmosphere, reacts
in the gas phase with sulfur dioxide, pro-
ducing the bisulfite ion, HSO;", and car-
bon dioxide. At low interaction energies,
this reaction is fast and thus provides a
possible sink for pollutant sulfur dioxide
in ionized regions of the atmosphere.

Studies of ion-neutral reactions at ther-
mal energies are carried out using a re-
cently constructed Selected Ion Flow Tube
(SIFT) apparatus. Here mass-analyzed
ions are injected into a fast flowing stream
of helium. As the result of multiple colli-
sions, the initially energetic ions quickly
reach the temperature of the chemically
inert helium carrier gas. A reactant neu-
tral gas is then injected into the flowing
gas further downstream. The ion composi-
tion of the gas stream is monitored with a
mass spectrometer. Reaction rate coeffi-
cients are determined from the relative
abundances of product ions and from the
decay of the reactant-ion number density
as the flow rate of the reactant neutral gas
is varied.

Solvated ions are among the dominant
charged species in the stratosphere and
mesosphere. Rate coefficients have recently

been measured for several reactions of
these ion species with atmospheric neutral

molecules. Typical ions are OH *nH,0 (n
= 0to 3) and H;O " « H,0. The reactions
studied include solvent switching, charge
exchange, and collisional dissociation.
Combining the results of the SIFT experi-
ments with those from the ion beam appa-
ratus has provided rate coefficients for
several such reactions over the energy
range from 0.03 to 100 eV.

The species NO " is a dominant ion in
the ionosphere, where it is produced both
by electron exchange reactions, e.g., Oy
+ NO = NO~ + 0Oy, and by ion or atom
exchange reactions, e.g., O° + N,
=>NO" +NandN" + O,—= NO" + O.
The last of these reactions is highly exoer-
gic (6.7 eV) and could result in products
having high kinetic energy and/or high
internal energy. If the energy is internal,
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its distribution between the products and
its presence as rotational, vibrational, or
electronic excitation are of interest. In
addition collisions between N~ and O,
produce not only NO~ + O but also O, "
+ Nand O° + NO. Recent studies using
our ion beam apparatus have shown that
the excess energy (6.7 eV) in the reaction
producing NO~ + O is contained entirely
as internal energy in the NO - product.
There is evidence from experiments car-
ried out elsewhere that this NO "~ is not
electronically excited. It is certain, then,
that the NO ° is vibrationally and rota-
tionally excited and is thus a likely source
of infrared radiation in the atmosphere.
Reaction rate coefficients and cross sec-
tions were also measured in these experi-
ments as a function of interaction energy
from 0.03 to 40 eV. At all energies, the
reaction producing O, + N is the most
probable, although at low energies the
production of NO ~ + O is almost as rapid.
The reaction producing O + NO is slow
at all energies. With increasing interac-
tion energy the internal energy of the
NO * product increases and eventually be-
comes high enough for the ion to dissoci-
ate. Measurement of the interaction ener-

gy at which the dissociation occurs and of
the ion product of the dissociation, i.e.,
whether O~ or N °, has provided informa-
tion on the mechanism of this reaction and
on the electronic state of the NO ™ ion.

ENERGY BUDGET CAMPAIGN

The Energy Budget of the Mesosphere
and Thermosphere was a major campaign
organized by West German scientists to
study heating input and dissipation in the
high latitude upper atmosphere. Scien-
tists from ten countries participated in the
campaign. The goal was to measure the
energy input to the mesosphere and lower
thermosphere, 60 to 180 km, during three
levels of geomagnetic activity and to
measure the effects produced by this input
as it was dissipated in the atmosphere.
The program represented the most com-
prehensive effort to date to study these
effects. A total of 50 rocket payloads, 18
major multiply-instrumented rockets and
32 small meteorological rockets, carried a
total of 99 scientific instruments. The pro-
gram was considered to be highly success-
ful, with 87 of the instruments providing
useful scientific data.
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Kwajalein Reference Atmospheres. 1979, Density Models Shown as a Ratio to US
Standard Atmosphere. 1976, for Each of the Months. from the Surface to 120 km.




The program was carried out in three
parts, called “salvos.” During Salvo C,
measurements of the background, or
"quiet” atmospheric conditions, were
obtained on November 11, 1980. On
November 16, in Salvo B, measurements
were obtained during a moderate geomag-
netic storm. The majority of the payloads
were launched in Salvo A into major
geomagnetic storms on November 28 and
December 1. The rocket payloads were
launched on a coordinated schedule from
both Kiruna, Sweden, and Andoya, Nor-
way. During the campaign approximately
80 ground stations with magnetometers,
radars, cameras or photometers recorded
data and four satellites measured various
properties.

AFGL participation included two pay-
loads to measure the neutral atmosphere
density,. temperature, wind, wave struc-
ture. and turbulence and one payload
which measured the infrared radiation,
electron density, particle energy, atomic
oxygen density and optical emission. In
addition, AFGL scientists were co-investi-
gators in the 32 meteorological sensor
measurements, provided support in exe-
cuting the program, and performed
ground-based measurements of infrared
emission spectra. Data analysis and inter-
pretation will be performed during 1981.

KWAJALEIN REFERENCE
ATMOSPHERES, 1979

As a result of AFGL involvement in
reentry measurement programs at the
Kwajalein Missile Range (KMR? and con-
sulting for the Ballistic Missiles Office
{tBMO, formerly SAMSO), AFGL was
asked by the Army BMDSC, who are re-
sponsible for the operation of the Missile
Range, to take responsibility for preparing
new KMR atmospheric models. All the
atmospheric measurements which had
been made at Kwajalein Atoll and at
several other low latitude sites were
assembled to form a basis for the develop-
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ment of the models. Several programs in
recent years have added significantly to
the data base, particularly at the higher
altitudes. Several studies were under-
taken as part of the development of the
models, including investigation of tempo-
ral and spatial variability, monthly
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High-altitude Measurements of Atmospher-
ic Density from Kwajalein Atoll Shown as a
Ratio to the Mean Annual KMR Model. Part
of the variation is that due to the seasonal
changes, but a significant amount of wave
structure and short time variability also con-
tribute to the observed profiles.

models of index of refraction for radar and
optics, and models for interlevel correla-
tion of density, temperature and wind.
The models which were developed in-
clude the monthly and mean annual mod-
els for all the major properties of the
atmosphere from the surface of the earth
to 120 km altitude. The report on the mod-
els provides a relatively complete hand-
book on the atmaspheric properties for the
Kwajalein area. Since the models were
prepared, several measurement cases
have been compared with the model pre-
dictions and the results show excellent
agreement. Use of the model allows the
upper level calculations of reentry
trajectories to be performed for those mis-
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MOLECULAR-SCALE TEMPERAT URE (K)
Set of 17 High Altitude Temperature Obser-
vations Taken during a Two Day Period in
July 1978 Shown with the Kwajalein Refer-
ence Atmospheres, 1979, Model for July.
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Measurements of Argon at 160 km from the
83-1 Satellite for Low «0 - K, - 1) and Mod-
erately High 14 - K, - 61 Geomagnetic Activ-
ity Each point represents the crossing at 160
km for an orbit. The large increase in density
carresponding to high-latitude energy input in
geomagnetic storm periods is evident.

sions where the detailed structure and
accuracy of the individual high-altitude
measuring techniques are not required.

DENSITY (em'3)

SATELUITE STUDIES OF THE NEUTRAL

ATMOSPHERE

The mass spectrometer instruments on
the S3-1 and S3-2 satellites have provided
the bases for several studies of atmospher-
ic and ionospheric properties. One recent
study involved analysis of the effects of
heating in the atmosphere produced by
geomagnetic storms. The latitude depend-
ence of the heating can be easily observed
in the argon distribution, which we refer
to as the “thermometer of the upper atmos-

phere.” Near 160 km altitude, the

argon

density may increase by more than a fac-
tor of 10 at high latitudes during geomag-
netic storms. The response of the argon to
the storm effects has also been used to
infer the variation of CO,, which cannot be
measured at these altitudes by mass spec-
trometry. These satellite measurements
have also been used for comparison with
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Satellite Corapared to the MSIS and Jacchia
77 Models. This case corresponds to quiet
solar and geophysical conditions. The agree-
ment appears to be reasonable at the lower
latitudes. but the differences o high latitude
are significant. Computer comparisons of the
models and measurements suggest the im-
provements that should be considered in the
next generation of model development.
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theJacchia 77 and MSIS models to find the
weaknesses in currently used models and
suggest improvements for the future.
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important that its variability should also
be modeled to provide a useful tool.
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Comparison of Mean Profiles for the S3-1
Satellite Data for the Five Primary Ion Spe-
cies(O' ,N',NO', 0", and N’,) with the
Total Density from IRI and Bent Models.
This case shows the F-region profiles for
summer daytime mid-latitude conditions in
the southern hemisphere.

SATELLITE STUDIES OF THE
IONOSPHERE

The measurements of the density of the
five primary ions in the F-region have
been used as the basis for the development
of a model of the F-region and to test cther
models. These studies have shown that
while the CCIR, IRI and other models pro-
vide reasonable predictions for the peak
density in the F,-region, much more atten-
tion must be given to the slope and density
inthe F-region. The IRI model of ion com-
position has been found inadequate, and
the development based on the current
satellite data should make a major im-
provement. From the studies of the data
from S3-1 and the Aeros-B satellites, the
high latitude region of the ionosphere was
found to be represented best when the in-
variant latitude was used as the primary
modeling parameter. As a result of current
progress in the ionospheric modeling area,
a useful reference model should be avail-
able for general use within the next two
years. Changes in the ionosphere are so
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Mean profiles from the S3-1 Satellite Data.
Each point is the mean value of several hun-
dred independent measurements. This case
shows the F-region profiles for winter night-
time mid-latitude conditions in the northern
hemisphere.
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for Wet Chemistry

Int. Symp. on Phys. Organic Chemistry, Chemical
Inst. of Canada, Toronto, Canada (6-9 August
1979

Hencuman, M.J., and PauLson, J.F.
Beam Studies of the Reaction of H,0 ' and OH
with H,0 at Energies of 0.3 - 1.0 et

28th Ann. Conf. on Mass Spectrometry and Allied
Topics. New York, NY (25-30 May 1980)

HerMann, U. (Univ. of Bern, Bern,

Switzerland), and PuiLsrick, C.R.

The Influence of Mesospheric Temperature Vari-
ation on the Positive lon Composition During the
1979 Solar Eclipse

Am. Geophys. Un. Mtg., Torento, Canada (22-27
May 1980}

HinrterEGGER, HLE,

Representations of Solar EUV' Fluxes for Aeronom -
ical Applications

XXIII COSPAR. Budapest. Hungary (2-14 June
1980

AE-E Expertences of Irradiance Monitoring for
1200-1850A

Wksp. on Solar UV Irradiance Monitors, Boulder,
CO 31 July - 1 August 19801

Variation of Solar EUV Input from Past Solar
Minimum to Spring of 1979
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HinterecGER, H.E.

Bulgarian-United States Seminar, Stara Zagora,
Bulgaria (3-8 September 1979)

Response of the Thermosphere to Solar Cycle
Variations in the EUV and 10.7 CM Fluxes
I.A.G.A. Special Scientific Session, Canberra, Aus-
tralia 11-16 December 1979)

The Solar Ultraviolet Source for the lonosphere
and its Variations

27th Panel Mtg. Electromagnetic Wave Propaga-
tion Panel AGARD, Naples, Italy (27-31 October
1980)

Hurrman, R.E.

Night Airglow, 1250 - 3000 A
10th Texas Symp. on Relativistic Astrophys.,
Baltimore, MD (15-19 December 1980}

HurrMman, R.E., LesLanc, FJ.,

Larraseg, J.C., and Pautsen, D.E.
Satellite Vacuum Ultraviolet Airglow Backgrounds
Am. Geophys. Un. Mtg., San Francisco, CA (3-7
December 1979

Nitrogen Vacuum Ultraviolet Airglow: Global
Spectral Variability

Am. Geophys. Un. Mtg., San Francisco, CA (De-
cernber 19801

Atmospheric Vacuum Ultraviolet Radiance by
Satellite Observations and by Digicon Spatial Sen-
sors

VI Int. Conf. on Vacuum Ultraviolet Radiation
Physics, Univ. of Virginia. Charlottesville. VA (2-6
June 1980)

Hurrman, R.E.. LesLane, FJd.,

Larraskk, J.C., and Pavisen, D.E.
Satellite Measurement of Vacuum Ultraviolet
Radiation from the Earth’s Atmosphere

Int. Radiation Symp.. Colerado St. Univ.. CO «11-
16 August 1980

Vacuum Ultraviolet Backgrounds from Space

Soc. Photo-Opt. Instrumentation Engineers (SPIE),
23rd Ann, Int. Tech. Symp.. San Diego. CA (27-30
August 1979 ’
Ultraviolet Calibration of Digicon Detectors and
Satellite Sensors

5th Wkshp. on VUV Radiometric Calibration of
Space Experiments. Nat'l. Ctr. Atmospheric Res..
Boulder, CO) (22-23 March 1979

Katayama, D.H., Mgk, T A, and

Bonnysey, V.E. tof Bell Labs., Murray
Hill. N.Jo

Laser Induced Fluorescenee from the A wu State of

N,

35th Symp. on Molecular Spectroscopy, Ohio St.
Univ.. Columbus, OH (16-200 June 19800
Radwative Decay and Radwationless Deactication i
Selectively Excited CN

34th Symp. Molecular Spectroscopy. Ohio St.
Univ.. Columbus, OH (11-15 June 1979
Radiative Quenching of a Selectively Excited Vi
hronte Lecel in the A wu State of N

AFOSR FJSRL Molecular Dynamies Conf., USAF
Academy. Calorado Springs, CO 13-5 October 1979

KeNesHEA, T.J., Mugrab, E., SwWiper, W,

and ZIMMERMAN, S.P.

Diurnal Model of Mesospheric Sodium

Am. Geophys. Un. Mtg., San Francisco, CA (De-
cember 1979}

KitTreLL, C. (MIT, Cambridge, MA),
Karayama, D.H., McDonALD, S.A., and
FieLp, R.W. (of MIT)

Stimulated Emission Pumping of ILBO ", - X' ¥*
with Pulsed Dye Lasers

35th Symp. Molecular Spectroscopy, Ohio St.
Univ., Columbus, OH (16-20 June 1980}

&

LARRABEE, J.C., and Hurrman, R.E.
Measurements of Threat Warning Sensors and
Photomultiplier Tubes

9th Tri-Service Ultraviolet Tech. Mtg.. Naval
Ocean Syst. Ctr., San Diego, CA (15 January
19791

LesLanc, F.J., Hurrman, R.E.,
LarraBEE, J.C., PauLsen, D.E., and
WHALEN, J.A.

Auroral Structure from Satellite Vacuum Ultra-
violet Data

Am. Geophys. Un. Mtg., Fall. San Francisco, CA
{December 1980)

Marcos, F.A.

Empirical Model of Neutral Atmospheric Density
Based on Satellite Accelerometer Data

Am. Geophys. Un. Mtg., Spring. Toronto, Canada
(22-27 May 1980!

Marcos, FLA., and Cuameion, K.S.W.

Empirical Model of Lower Thermosphere Density
for Low Solar Flux and Geomagnetic Activity
22nd COSPAR Mtg.. Bangalore. India (June 1979
Empirical Model of Lower Thermosphere for Low
Solar Flux and Quiet Geomagnetic Conditions

AE Mtg., NASA Goddard Space Flight Ctr..
Greenbelt, MD 110-12 October 1979)

Michers, H.H. tUnited Technologies Res.
Ctr.. East Hartford. CT). and PauLson, J.F.

Potential Energy Surface and Cross Sections for th
H'D »+ Hy D, HD) lon-Molecule Reactions

2nd Chemical Congress of North Am. Continent.
San Francisco. CA 124-30 August 19801

Muran, E.

Thermochemistry of Hvdroxides of Some Meteor
Metals

AFOSR Molecular Dynamics Conf., Hanscom AFB.
MA 18-10 October 19801

Thermochemical Studies of Meteor Metal Hydrox-
ides

AFOSRK Molecutar Dynamics Contractor's Mtg..
USAF Academy. Colorado Springs, CO 13-5 Octo-
ber 1979




Murap, E., and Swiper, W.

Can Metallic Species Play a Role in the Atmospher-
ic Chemistry of Cl and CIlO?

Am. Geophys. Un. Mtg., San Francisco, CA (3-7
December 1979)

Nargcisi, R.S.

Structure and Composition Measurements in
Equatorial Ionospheric Bubbles; Positive and Nega-
tive Ion Composition Measurements in the D and E
Regions During the 26 February 1979 Solar
Eclipse

Am. Geophys. Un. Mtg., Spring, Toronto, Canada
(22-27 May 19801

PauLsen, D.E., Hurrman, R.E.,

LARRABEE, J.C., and LeEBLANC, F.J.
Vacuum Ultraviolet Auroral Observations by Satel-
lite

Am. Geophys. Un. Mtg., San Francisco, CA (3-7
December 1979)

VUVIUV Raocket Exhaust Plume Data from the
Multispectral Measurements Program TEM-2
Rocket Flight
Tth Strategic Space Symp., Naval Postgraduate
Schl., Monterey, CA (11-13 November 1980)

Paurson, J.F., and MorGENTHALER, L.N.
Reactions of N with O,

DNA-AFGL Nuclear Weapons Effects Chemistry

Conf., Bedford, MA (26 June 1980}

Tandem Mass Spectrometric Studies of the Reac-

tions of N' and O,

28th Conf. Mass Spectrometry and Allied Topics.
New York, NY i25-30 May 1980)

PauLson, J.F., HENncuMan, M.J. (Brandeis
Univ.), and Higrt, P.M.

Reactions of Solvated ITons with Neutral Molecules
in the Collision Energy Range 0.3-10 eV

AFOSR Molecular Dynamics Conf.. AFGL, Hans-
com AFB. MA (8-10 October 1980/

Reactions of Some Solvated lons

DNA-AFGL Nuclear Weapons Effects Chemistry
Conf.. Bedford. MA (26 June 1980

PuiLsrick, C.R.

Low Altitude Satellite Measurements of Argon
Densities

COSPAR. Bangalore. India (29 May - 9 June 1979
Measurements of Mesospheric Species Concentra-
tions

Middle Atmospheric Program, Univ. of Illinois,
Urbana. IL 128 July - 1 August 1980)

PuiLerick, C.R. and Frykrunp, D.H.
(Accumetrics Corp., Cambridge, MA)
Atmospheric Density and Temperature Structure -
Eclipse ‘79 Program

Am. Geophys. Un. Mtg.. Toronto, Canada (22-27
May 1980)
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PuiLBrICK, C.R.; LAMMERzAHL, P., and
Krankowsky, D. (both of Max-Planck
Inst., Heidelberg, Germany)

Comparison of Mass Spectrometer Measurements
from the S3-1 and AEROS-B Satellites

COSPAR, Bangalore, India (29 May - 9 June 1979)

PuiLerick, C.R., Murrhy, E.A.,
ZIMMERMAN, S.P., FLETcuER, E.T. (Xonics,
Inc., Los Angeles, CA), and Ousen, R.O.
(Army Atmos. Sci. Lab., White Sands Missile
Range, NM)

Mesaspheric Density Variability in the Presence of

Turbulence Layers
COSPAR. Bangalore. India (30 May - 1 June 1979

Swiner, W,

Nitric Oxide in the Upper Stratosphere and Mesa-
sphere

NATO Advanced Inst. on Atmospheric Ozone.
Aldeia das Acotetas, Portugal 11-13 October 1979
Electron Concentrations in the (-Region

Am. Geophys. Un. Mtg., Fall, San Francisco, CA
{December 1979

Neutral Concentrations Inferred from the 26 Febru
arv 1979 Eclipse lon-Composition Data

Am. Geophys. Un. Mtg., Spring. Toronto. Canada
122-27 May 19801

The Background (Quiet) D -region

DNA-AFGL Nuciear Weapons Conference 126-27
June 1980) AFGL

ZIMMERMAN, S P.

The Diurnal Vartation of Turbopause Hewght
Am. Geophys. Un. Mtg.. Washington, D.C. (28
May - 1 June 1979

The Structure of the Equatoral Mesosphere
Mesaoscale and Microscale

Wkshp. Equatorial lonosphere, Cornell Univ .,
Ithaca. NY 122-23 October 1979

ZiIMMERMAN, S.P., and Kenesuea, TJ.
Turbulent Heating and Transfer in the Mesosphere
and Upper Stratosphere

Int. Symp. on Middle Atmosphere Dynamics and
Transport, Univ. of lllinois. Urbana, IL 28 July -
I August 1979

ZiMMERMAN, S.P., and Mureny, E.A,
Stratospheric and Tropospheric Vertical Transfer
NATO Advanced Study Inst., Aldeia das Acoteias,
Portugal (30 September - 13 October 1979

TECHNICAL REPORTS
JANUARY 1979 - DECEMBER 1980

Cuaikin, L.M., and Fukuy, K.

Absorption Data Analvsis for EUVS Experiment on
the Satellites AE-C. D, and E, AFGL-TR-79-0191
(8 August 1979, ADAO78663




Dewan, E.M.

Mixing in Billow Turbulence and Stratospheric
Eddy Diffusion

AFGL-TR-79-0091 (10 April 1979), ADA074466
Estimates of Vertical Eddy Diffusion Due to
Turbulent Lavers in the Atmosphere
AFGL-TR-79-0042 (1 February 1979), ADA069750
Optical Turbulence Forecasting: A Tutorial
AFGL-TR-80-0030 122 January 1980), ADA086863
A One Dimensional Vertical Diffusion Parameter
for Extremely Inhomogeneous, Layered Turbulence
in Stratified Fluids

AFGL-TR-80-0186 116 June 19801, ADA090340

Guson, B.R., and Fukui, K.

Solar EUV Flux-Data Analvsis for EUVS Experi-
ments on the AE -Satellites

AFGL-TR-79-0052 (23 February 1979,
ADA074470

Hurrman, R.E., LEsLance, FJ.,

Larraseg, J.C., and PauLsen, D.E.
Satelltte Atmospheric Radiance Measurements in
the Vacuum Ultraciolet

AFGL-TR-79-0151 15 July 1979). ADA078628

Hurrman, RE, Pauvlsen, D.E.,
Larrasik, J.C., Baistey, V.C., LesLaNc,
F.J., Franker, D.S., and Gersy, M.E.

Vacuum Ultraviolet Airglow and Stellar Observa-
tions on the MSMP TEM-1 Rocket Flight
AFGL-TR-B0-027K 115 September 1980),
ADA0Y9:386

Marcos, F.A., and Cuampeion, K.S.W,
Satellite Density Measurements with the Rotatable
Calibration Accelerometer tROCA)
AFGL-TR-79-0005 14 January 1979), ADA069740

Mo lssac, J.P.

Hemispherie Asvmmetries Detected from Satellite
lonczation Gauge Measurements
AFGL-TR-80-0066 25 February 19801,
ADA090339

Narctst, R, Trzoinski, E., Feperico, G.,
Wiobyka, L., and Bencu, P.
Structure and Composition Measurements in

Equatorial lonospheric Bubbles
AFGL-TR-80-0222 (9 July 19801, ADADY2448

Russak, S.L., Fremming, J.C., Hurrman,
R.E.. Pauisen, DLE., and Lareaner, J.C.

Development of Proximuty and Electrostatically Fo-

cused Diodes for UV Measurements from Sounding
Rockets

AFGL-TR-79-0006 (4 January 1979, ADA0B8086

SHerMAN, C.

Emission of Particles from a Charged Sphere into a
Magnetic Field

AFGL-TR-79-0211 (20 September 1979),
ADA081781

Trzcinski, E.

Instrumentation Development for LASSII Equato-
rial Measurements
AFGL-TR-80-0150 (23 April 1980), ADA088880

ZIMMERMAN, S.P.

The Diurnal Variation of Turbopause Height
AFGL-TR-80-0332 (3 November 1980),
ADA099340

ZiMMERMAN, S.P., and MurpHY, E.A.
Tropospheric Stratospheric Turbulence and Verti-
cal Diffusivities

AFGL-TR-80-0020 (14 January 1980). ADA084809

CONTRACTOR JOURNAL ARTICLES
JANUARY 1979 - DECEMBER 1980

Forses, J M., and Marcos, F.A.
Seasonal-Latitudinal Tidal Structures of O, N,,
and Total Mass Density in the Thermosphere

J. Geophys. Res. 85, No. A7 (July 1980)

Tidal Variations in Total Mass Density as Derived
from the AE-E Mesa Experiment

J. Geophys. Res. 84, No. Al (January 1979)

Groves, G.V. (Univ. Coll. London, London,
England)

Seasonal and Diurnal Variations of Middle Atmos-

phere Winds
Phil. Trans. R. Soc. Lond.. A 296 (1980}

OrviLLE, R.E. (St. Univ. of New York,

Albany, NY)

Davlight Spectra of Individual Lightning Flashes
in the 370-690 nm Region

J. Appl. Meteorology 19. No. 4 (April 1980}

Sze, N.D., and Ko, M.LK.W. (Atmospheric
and Environmental Res., Inc.. Cambridge,
MA)

Is CS? A Precursor for Atmaospheric COS?

Nature 278 (April 1979

Photochemistry of COS. CS,, CH.SCH.,. and H,S:
Implications for the Atmospherte Sulfur Cyele
Atmospheric Environment. 14 (1980

CS, and COS in the Stratospheric Sulphur Budget
Nature 280, 308 No. 5720 tAugust 1979

CONTRACTOR TECHNICAL REPORTS
JANUARY 1979 - DECEMBER 1980

Accarno, C.A., and Durcianos, J.
(Epsilon Labs, Bedford, MA)

Satellite Density Gauge Program
AFGL-TR-80-0036 tJanuary 19801, ADORGR0Y
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Bass, J.N. (Logicon, Inc., Lexington, MA)
Analytic Representation of the Jacchia 1977 Model

Atmosphere
AFGL-TR-80-0037 (15 January 1980), ADA085782

BiEN, F. (Aerodyne Res., Inc., Bedford, MA)
Nitric Oxide Ion and Uranium Oxide Ion Studies
AFGL-TR-79-0164 (June 1979), ADA077870

Breum, W.F., and BuckLEY, J.L. (General
Electric Space Division, Philadelphia, PA)
Design Study of a Laser Radar System for
Spaceflight Application

AFGL-TR-79-0264 (December 1979), ADA082332

DaLGARNO, A. (Harvard Coll. Obs.,
Cambridge, MA)

AE Reaction Rate Data
AFGL-TR-79-0067 (27 March 1979), ADA067941

DunBaR, R.C. (Case Western Reserve
Univ., Cleveland, OH)

Positive Ion Photodissociation
AFGL-TR-80-0270 (8 September 19801,
ADA096703

EgsacHer, R.W. (Wentworth Inst. Tech.,
Boston, MA)

Instrumentation for Accelerometer Density
Measurements
AFGL-TR-80-0026 { December 1979), ADA092905

FieLp, R.W. (Mass. Inst. Tech., Cambridge.

MA)

Lowest Energv Electronic States of Rare Earth
Monoxides

AFGL-TR-80-0328 (1 September 1980},
ADA104039

Fiorerti, R.W., Barry, E., and CiEszKka,
S. (RDP, Inc., Waltham, MA)

Data Processing Svstems for Accelerometer Experi-
ments on Air Force Satellites

AFGL-TR-79-0237 (May 1979). ADA080460

Fiorerti, R.W., MazzeLLa, Ad., and
Lrona, R.J. (RDP, Inc., Waltham, MA)

Satellite Data Processing Svstems and Accelerome-
ter Density Data Base
AFGL-TR-80-0247 (30 April 1980), ADA102229

Fite, W.L., and SikGerL, MW,
{Extranuclear Labs., Inc.. Pittsburgh, PA)
Metal fon Reactions with Ozone and Atomic Oxy-
gen

AFGL-TR-79-0092 (5 April 1979, ADAOB1516

41

FRrRaNkLIN, R.L., BETHKE, G.W., and
SpRINGER, L.W. (General Elec. Co.,
Philadelphia, PA)

Design Study for Ground-Based Atmospheric Lidar
System

AFGL-TR-80-0264 (29 September 1980),
ADA091955

Frykrunp, D.H. (Accumetrics Corp.,
Cambridge, MA)

Applied Research & Development of Triaxial
Piezoelectric (PZL) Accelerometer Systems of Im-
proved Design

AFGL-TR-79-010i tJune 1979), ADA084762

Groves, G.V. (Univ. Coll. London, London,

England)

Tropospheric-Stratospheric Tidal Investigations:
Diurnal and Semidiurnal Wind Oscillations in the
Stratosphere

AFGL-TR-80-0348 (31 December 1979},
ADA092628

Tropospheric-Stratospheric Tidal Investigations
Through Components of Ozone Heating
AFGL-TR-80-0351 (30 June 1980}, ADA092631
Tropospheric-Stratospheric Tidal Investigations:
Notes on Obtaining the Eigenvalues of Laplace’s
Tidal Equation

AFGL-TR-80-0350 (31 December 1979),
ADA092630

Havpeman, C.W. (MIT, Cambridge, MA)
Wind Tunnel Tests of a Gerdien Capacitor Vehicle
Combination

AFGL-TR-80-0179 (May 1980), ADA091719

Hanson, W.B., CoLey, W.R., and HeELIS,
R.A. (Univ. of Texas at Dallas, Richardson,
0.¢

Studv of Upper Atmosphere Wind Motions
AFGL-TR-80-0307 (15 September 1980,
ADA097733

Hivis, R.S. (Tri-Con Assoc., Inc.,
Cambridge, MA)

Electronic Sub-Svstem for « Solar EUV Spectrome-
ter

AFGL-TR-79-0258 (October 1979), ADA080560

Husegr, W.B. (Tri-Con Assoc.. Inc.,
Cambridge, MA)
Design, Fabrication and Testing of a Satellite Elec-

tron Beam Svstem
AFGL-TR-80-0161 (16 May 1980). ADA095362

Krrrosser, D.F. (Univ. Lowell, Lowell, MA?
Measurement of Neutral Temperature in the 120-
180 KM Region of the Atmaosphere Following TMA
Releases from a Rocket

AFGL-TR-79-0120 (May 1979, ADA(QR81445
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Larson, L.J. (HYCOR, Inc., Woburn, MA})
High Altitude Smoke Program (HASP-1I)
AFGL-TR-79-0252 (26 October 1979), ADA080964

McDonaLp, M. (Wentworth Inst. of Tech.,
Boston, MA)

Design and Fabrication of Quadrupole Ion Mass
Spectrometer for Upper Atmosphere: Sci. Rpt. No. 2
AFGL-TR-80-0025 (December 1979), ADA083019
Design and Fabrication of Quadrupole fon Mass
Spectrometer for Upper Atmosphere: Sci. Rpt. No. 1
AFGL-TR-80-0024 {December 1979), ADA083022

McGreGor, R.D., and SuciMura, T. ' TRW
Systems Group, Redondo Beach, CA)
Monte Carlo Simulation of Negative Ion Collection

by a Rocket-Borne Mass Spectrometer
AFGL-TR-80-0206 (June 1980), ADA091721

MiLLer, T.M., Hickman, A.P., SMiTH,
F.T., and PeTERSON, J.R. (SRI Int.
Molecular Physics Lab., Menlo Pk., CA)

Two-Body Positive Ion-Negative Ion Neutralizat:on
AFGL-TR-79-0039 (30 January 1979), ADA073145

Mirarpa, H.A. (Epsilen Lab., Inc., Bedford,
MA)

Stratospheric Aerasol Measurements
AFGL-TR-80-0366 (December. 1980), ADA097716
A Molecular Identification Device for Individual
Sub-Micron Aerosols: Feasibility Studv
AFGL-TR-80-0155 (May 1980, ADA090018

Mugeny, G.P. (Tri-Con Assoc., Inc.,
Cambridge, MA)

The Design of Mass Spectrometer Assemblies for
Space Shuttle Launched Satellites
AFGL-TR-79-0233 (September 1979), ADA080439

PaLasek, T.A. (Northeastern Univ., Boston,

MA:

An RF Oscillator for Rocket Borne and Balloon-
Barne Quadrupole Mass Spectrometers
AFGL-TR-79-0226 (10 September 1979,
ADA078797

Rok, J.M., and JaspErson, W.H. (Control
Data Corp., Minneapolis, MN)
A New Tropopause Definition from Simultaneous

Ozone-Temperature
AFGL-TR-80-0289 (August 1980), ADA091718

SHEPHERD, O., AURILIO, G., BuckNaM,
R.D., Brookg, R.W., Hurp, A.G., and
ZeHNPFENNIG, T.F. (Visidyne, Inc.,
Burlington, MA)

Balloonborne LIDAR Experiment

AFGL-TR-80-0373 (24 December 1980),
ADA095366

SuepHERD, O., Hurp, A.G., SHEEHAN,
W.H., and Bucknam, R.D. (Visidyne, Inc.)

Rocketborne Laser Backscatter Experiment
AFGL-TR-79-0081 (15 March 1979), ADA073853

Srowey, J.W. (Smithsonian Institution,

Astrophysical Obs., Cambridge, MA)

Globa! Frequency Distribution of Exospheric
Temperature

AFGL-TR-79-0143 (November 1979), ADA077293

SmitH, D., and Apams, N.G. (Univ. of
Birmingham, Birmingham, England)
lon-lon Neutralization

AFGL-TR-80-0010 (November 1979), ADA080209

Stokes, C.S., MurpHy, WJ., and
KERSHNER, A.D. (Germantown Labs, Inc.,
Philadelphia, PA)

Chemical Release Pavloads: Stratospheric Wind

Measurement
AFGL-TR-80-0073 (January 1980), ADA084100

SuaiMura, T., and Birp, G. (TRW, Inc.,
Redondo Beach. CA)
Direct Simulation Monte Carlo Description of

lonospheric Chemistry
AFGL-TR-79-0114 (May 1979), ADA073893

TrowerinGE, C.A. (PhotoMetrics, Inc.,
Lexington, MA)

Digitization and Analvsis of Photographic Images
of Stratospheric Smoke Trails

AFGL-TR-80-0230 (30 July 1980, ADA093926
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AFGL's One Thousandth Scunding Rocket Launch, A24.609-2 {TEM-2), from White Sands Missile Range. May 27, 1980,




Il AEROSPACE INSTRUMENTATION
DIVISION

The Aerospace Instrumentation Divi-
sion supports the other divisions of AFGL
by providing the probe vehicles—balloons,
sounding rockets, and satellites—which
gather data for scientists in their studies
of the environment. Efficient, reliable,
and economical probe systems require de-
velopment over periods of months or years
to meet ever-increasing Air Force mission
requirements. Detailed planning, vehicle
procurement, payload design, construc-
tion, system integration and testing pre-
cede each vehicle launch.

Most rocket and balloon flights are con-
ducted from the White Sands Missile
Range, New Mexico, where restricted air
space, optical tracking, precision radar,
and excellent conditions for payload recov-
ery are available. AFGL mans Detachment
1, a permanent balloon-launch facility, lo-
cated at Holloman AFB, within the White
Sands Missile Range. A site at the Chico
Municipal Airport, California, is activated
when required for long-duration balloon
flights. Fair Site, on the White Sands Mis-
sile Range, is permanently maintained for
tethered balloon experiments. The Divi-
sion also has mobile units for conducting
rocket and balloon flights from almost any
point in the world.

SOUNDING ROCKET PROGRAM

The Sounding Rocket Branch supports
the in-house projects of AFGL scientists
and other agencies, such as the Space Divi-
sion and the Defense Nuclear Agency. Re-
sponsibilities include management of the
rocket/payload system, vehicle procure-

PREVIOUS PAGE
IS BLANK




Inflation of Zero-Pressure, Free Balloon, Fabricated from a Polyethylene Film 0.00075 inch Thick.

ment, payload design, fabrication, test,
launch support, position tracking, and
data acquisition. The Branch also provides
engineering management of the experi-
ment/spacecraft interface for satellites
and for the shuttle (Space Transportation
System). This involves interface manage-
ment, starting with design and following
through fabrication, integration, and pre-
launch testing.

Engineering development is conducted
in sounding rocket systems, instrumenta-
tion, tracking and data handling to im-
prove existing techniques or advance the
state of the art when required. Automatic
telemetry trackers incorporating pulse-
code-modulated ranging systems have

been developed to the point where we can
be independent of launch range support
for these functions, enabling us to conduct
expeditionary missions from remote sites.

In 1979-1980, half the vehicles flown
could trace their ancestry to surplus mili-
tary rocket motors. Some have been sin-
gle-stage, such as the Sergeant, or the
actively guided Minuteman I second
stage. Others have been two-stage, de-
veloped from individual rockets, the
Talos-Castor and the Taurus-Orion (Im-
proved Honest John-Improved Hawk).
The use of surplus rockets, which has sig-
nificantly decreased the vehicle acquisi-
tion cost, is expected to increase in future
years.
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1000th Sounding Rocket Launch: The
Sounding Rocket Branch launched its
1,000th research sounding rocket from the
White Sands Missile Range on May 21,
1980. An Aries rocket carried a highly
sophisticated payload for the Multi-
Spectral Measurements Program (MSMP)
to ascertain the characteristic radiation
patterns of rocket motors in flight. The
data are being used by the Space Division
to design better surveillance systems.

This successful Aries payload develop-
ment, launch, and recovery is the latest
milestone in AFGL’s history of research
sounding-rocket operations that began in
1946 with a captured German V2 rocket.
This history has included the launch of as
many as 96 vehicles in a single year; the
launch of payloads with weights exceeding
5800 1b; and the recovery of payloads with
weights of 2000 1b. AFGL has also laun-  Preparing Rocket Launchers for Solar
ched rockets from the deck of an aircraft Il‘:;,l,g’se’ Red Lake, Ontario, February 26,
carrier. The success rate has been better '
than 85 percent for vehicles and payloads.

During the past two years, the Sounding
Rocket Branch provided state-of-the-art
payload design and vehicle support for 18
sounding rocket systems flown from
launch sites within and outside the United
States. The rockets ranged from the 4.5 in.
diameter Super Arcas to the 44 in. Aries.
The overall vehicle and experiment suc-
cess rate was 91 percent. Among the sig-
nificant programs were the Solar Eclipse
experiments at Red Lake, Ontario, Canada;
EXCEDE II at Poker Flat, Alaska, the
Rocket Post-Burnout Characteristics
studies and the Zodiacal Infrared Program
(ZIP) at White Sands Missile Range, New
Mexico, and the Energy Budget Campaign
at Andoya, Norway.

Solar Eclipse Experiments: In Febru-
ary 1979, AFGL participated with the
National Research Council, Canada, the
U.S. Army Atmospheric Sciences Labora-
tory, and the NASA Wallops Flight Center
in a joint scientific effort in which 14
sounding rockets were launched. This gyt Launched at Red Lake, Ontario, dur-
program took advantage of the last total  ing Solar Eclipse, February 26, 1979.
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eclipse of the sun visible from the North
American continent during this century.
Principal research interest centered upon
the behavior of ionized regions at altitudes
below 100 km. Since the sun provides the
major scurce of ionization at altitudes
above 70 km, except under disturbed con-
ditions, significant ionizing source vari-
ations were produced by the solar eclipse.

MOTOR INSTR MODULE
ACCELEROMETERS
CHAMBER PRESSURE GAGES

3 AXIS INERTIAL GYRO

FM/FM TM SYSTEM

PAYLOAD INSTR. MODULE

TV CAMERA

FiLM CAMERAS

ACCELEROMETERS

PCM TM SYSTEM

COMMAND/ RANGING
SYSTEM

Measurements of the charging ionizing
source strengths, coupled with measure-
ments of atmospheric responses (both ion-
ized and neutral constituents), provided
data necessary for developing physical
models of ion and neutral processes.

The five AFGL sounding rockets were
launched on 26 February 1979 from a re-
mote site erected for this joint program
near Red Lake, Ontario, Canada. Two
Paiute Tomahawk rockets carried cryo-
pumped liquid helium quadrupole mass
spectrometers to obtain the mass and
number density of positive and negative
ions. A Nike Orion rocket determined
atmospheric density from a 10-in falling
sphere. A Niro, in a similar experiment,
used a 7-in sphere, and a Nike Orion meas-
ured long-wavelength infrared emission
dynamics by a 3-channel radiometer
cooled by liquid helium.

Post-Burnout Characteristics: A Black
Brant VC payload, instrumented with per-
formance diagnostic instruments, televi-
sion and film cameras, an upleg command
system, and an in-flight commandable
attitude-control system, was flown in Au-
gust, 1979, from the White Sands Missile
Range. This flight was the first to measure
the low-level, post-burnout thrust, outgas-
sing, and particulate contamination by
spent solid-propellant rocket motors. It
satisfied a long-standing need, since con-
tamination of experiment sensors by rock-
et outgassing has been evident to sound-
ing rocket experimenters since the initial
use of solid-propellant rocket motors. In
addition, spent vehicles have been docu-
mented overtaking separated payloads
and even colliding with them.

PAYLOAD A 18.805

Makeup of Post-Burnout Thrust Measure-
ments Payload.

Analysis of post-flight data showed that
the payload separated cleanly from the
vehicle at a relative separation velocity of
2.25 ft/sec (0.69 m/sec). However, the re-
sidual thrust of the spent motor overcame
this differential and the motor caught up
to the payload 37 sec after separation, con-
tinuing on a parallel velocity vector at
about 3.37 ft/sec (1.03 m/sec). This experi-
ment proved the necessity of developing a
high-velocity payload-separation capabil-
ity, and vehicle tumble systems, to achieve
large spatial separations between pay-
loads and motors.

EXCEDE Il: A Talos-Castor rocket ex-
periment, EXCEDE II, was instrumented
and integrated by the Sounding Rocket
Branch. It measured ultraviolet, visible,
and infrared emissions induced in the
night atmosphere by a rocket-borne 100-
kW electron accelerator. We then success-
fully launched the system in October,
1979, from the Poker Flat Research
Range, Alaska, carrying 5850 lb, the
heaviest known payload ever flown on a
sounding rocket.

Equatorial Smoke: In October, 1979,
three Nike-Nike rocket systems lifted
chemical payloads, consisting of titanium
tetrachloride and water-methanol. to
generate smoke releases. The smoke was
observed by ground-based cameras to de-
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TEM-2 on Launch Pad at White Sands Mis-
sile Range with Payload Doors Open, Show-
ing Scientific Instruments.

termine the magnitude and direction of
stratospheric winds and shears and the
turbulence at an equatorial latitude. This
program, conducted from Punta Lobos,
Peru, was AFGL's first from that country.

Multispectral Measurements Program
{(MSMP): The second of three MSMP Aries
rockets was launched from the White
Sands Missile Range on May 21, 1980. It
lifted the 3250 1b, two-part TEM-2 payload
to an apogee of 232 km. A complex array of
eleven experiments in the sensor module
accurately tracked the target module,
measuring its exhaust plume characteris-
tics in the ultraviolet, visible, and infrared
spectral regions. The sensor module was
recavered in excellent condition after a
flawless flight sequence. As previously
mentioned, this highly successful mission
marked the 1000th sounding rocket
launch for AFGL.
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ZIP Sensor tZodiacal Infrared Programi.
Advanced Cryogenic Sensor Designed and
Built at AFGL to Measure Zodiacal Light.

Zodiacal Infrared Program (ZIP): The
first ZIP mission was launched on August
18, 1980, from the White Sands Missile

ZIP Sensor in Data Acquixition Position
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Range. ZIP is one of several experiments
associated with the Background Measure-
ments Program. This complex experiment
successfully measured thermal emissions
from zodiacal dust near the ecliptic plane
while looking at the night sky. The sensor
is a state-of-the art, liquid-helium-cooled
infrared telescope, designed jointly by the
Optical Physics and Aerospace Instru-
mentation Divisions. The Sounding Rock-
et Branch was responsible for the design of
the telescope’s thermal-vacuum vessel,
the liquid-helium dewar support, and the
sensor calibration source.

Energy Budget Campaign: An in-
strumented military surplus Taurus-
Orion rocket was flown from the Andoya
Rocket Range, Norway, on November 11,
1980, to measure auroral, infrared and
ultraviolet emissions, total electron ener-
gy deposition, and atomic oxygen concen-
trations. This was AFGL’s first use of
these low-cost (about $20,000), highly reli-
able motors in a sounding rocket con-
figuration. (A comparable commercial sys-
tem would cost approximately $50,000.)
This flight, part of a large international
program involving 50 rockets and 16 bal-
loons, was designed as an integrated cam-
paign of ground-based, balloon and rocket-
borne measurements to study some
aspects of the atmospheric energy budget
in northern latitudes. Other countries rep-
resented in this effort were England, Rus-
sia, Austria, Sweden, Spain, and West
Germany.

SATELLITE SUPPORT

The Aerospace Instrumentation Divi-
sion played a major systems-engineering
role in the design and launch of the
SCATHA satellite, spacecraft S-78-1.
launched in January., 1979. An experi-
ment on this satellite measured electron
energy in the auroral oval. On-going stud-
ies of the data from this highly successful
program, which included critical solar-
eclipse periods, are providing eagerly

sought answers to spacecraft charging
problems.

ROCKET AND SATELLITE
INSTRUMENTATION

In supporting major AFGL rocket and
satellite programs, the Division has ad-
vanced the state of the art in data acquisi-
tion, antenna development and tracking,
and trajectory and command instrumenta-
tion. There were accomplishments in
three important areas.

Telemetry Instrumentation: A micro-
processor pulse-amplitude-modulation
(PAM) decommutator was designed for
field use. Its first important application
occurred during prelaunch testing of the
Balloon Altitude Mosaic Measurements
program. The decommutator can display,
in engineering units, such “housekeeping”
data as voltages, pressures, temperatures
and other critical parameters, and can flag
the data if they have exceeded predeter-
mined, limiting values."

Several state-of-the-art pulse-code-
modulation (PCM) telemetry encoders
were designed and flown on sounding
rockets for the Background Measurement
Program. These highly successful devices
are part of a continuing effort which origi-
nated with the design of a PCM encoder for
the Balloon Altitude Mosaic Measure-
ments project. Each encoder was tailored
for an individual research payload-—the
Zodiacal Infrared Project, the Infrared
Background Experiment, the Multispec-
tral Measurements Program, and the Far
Infrared Sky Survey Experiment. As the
first 14-bit analog-to-digital conversion
unit designed and flown by AFGL, the en-
coder for the Zodiacal Infrared Program
represented a quantum step in multiplex
data-encoding technology.

A new, 10-bit PCM encoder with addi-
tional channels, a faster sampling rate,
and a 430 MHz receiving ranging system
was incorporated into a 10-in falling
sphere experiment. This addition of a




Minitracker Used at Remote Launch Sites.

ranging capability allows launching and
tracking of the experiment from remote
areas where radar support is not avail-
able.

Tracking, Trajectory and Command:
Improvements were made in software de-
sign and real-time data display for the
microcomputer trajectory system (Mini-
tracker) used at remote launch sites. This
new system can easily be adapted to any rf
tracking ranging system. It provides the
following information on visual displays
and printer readouts: time, status indica-
tors, computed ellipsoidal earth coordi-
nate data (mean sea-level altitude, ground
range, distance north and distance east,
or, mean sea-level altitude, vehicle lati-
tude and vehicle longitude), azimuth,
elevation, and slant range—all referenced
to one of three selectable data origin sites.
In addition, an upleg command capability
was added to the ranging/trajectory link to
permit the transmission of up to 16 dis-
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crete signals to a rocket-borne payload.
(Additional commands can be added if re-
quired.) A separate command link was
thus eliminated. The command-through-
ranging technique was successfully tested
on the Post-Thrust Burnout experiment.

Antenna Development: There are con-
tinuing requirements for antennas config-
ured specifically for payloads of different
size, such as:

(1) An advanced design for a 10-in fall-
ing sphere. This was successfully flown
during the Auroral E-Program. The sig-
nificance of this antenna is that stripline
technology is used to incorporate two
widely separated frequencies. The anten-
na is capable of receiving signals from 430
to 550 MHz while simultaneously trans-
mitting 2250 MHz telemetry signals. The
physical constraints of the falling sphere
added to the complexity of the design.

(2) A large 20.75-in diameter, flush-
mounted antenna capable of handling two
or more 20 W transmitters. This was suc-
cessfully flown on the ZIP payload.

BALLOON PROGRAM

The Aerospace Instrumentation Divi-
sion provides the only comprehensive De-
partment of Defense in-house capability
for research, design, development and test
of envelopes, instrumentation, launch
equipment and techniques for scientific
balloons.

The focus of the development program
has been changing in recent years from
extremely high altitude, modest scientific
payload flights to tethered balloons,
heavier payloads to 100,000 ft, and con-
trolled ascent/descent profile flights. In-
vestigation of air-launched balloons, ver-
tical-motion and descent-rate control of
free balloons, and the upgrading and im-
proving of the data telemetry system and
balloon control instrumentation continue
as part of the development program.

During the past two years, there has
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been a measurable increase in the reliabil-
ity of polyethylene plastic balloons. This is
principally due to improved design and en-
gineering production specifications cou-
pled with better quality control processes
for material extrusion and manufactur-
ing. Requirements for a versatile, high-
rate communication system for in-flight
data recording and display and for uplink
commands have also increased.

The use of tethered balloon platforms to
lift scientific sensors and antenna systems
to meet unique measurement require-
ments at remote locations has increased in
importance. Techniques for positioning
single and multiple tethered balloons over
selected points for long periods have been
successfully employed. The main advan-
tages of tethered balloon systems, in addi-
tion to a "quick response” capability, are
simple configuration, high reliability, and
inexpensive costs for vehicles and opera-
tions.

The demand for balloon-flight support
in both free and tethered balloons has re-
mained steady but the requirements for
individual flights have increased in com-
plexity. Although balloon flight tests can
be conducted in all seasons from Holloman
AFB, during the past two years some sci-
entific programs required measurements
at extreme northern and southern lati-
tudes {Alaska and Panama), or at test sites
requiring flights over land and water mas-
ses. Additionally, specialized tethered bal-
loon tests were conducted at Dugway
Proving Grounds. Utah, and at two
selected sites in the Federal Republic of
Germany. The experiences have demon-
strated a continuing need for modernizing
our mobile launching and instrumenting
capability for both free and tethered bal-
loon systems.

Carbon Fiber Risk Tests: The Division
balloon groups conducted a series of five
dual tethered-balloon flights during Octo-
ber and November, 1979, at the Dugway
Proving Ground. Utah, to assess the uis-
tribution and size of carbon fibers released

‘LADDER’ Il. POSITION
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STABILITY

. ey -
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N e T NS REL R conTROL TowERCC
# EXCESSIVE FORCES IN ROPES RELIEVED BY
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Diagram of Kevlar Cable Net (100 x 100
feet) Tied to Two Tethered Balloons, Used in
Carbon Fiber Burn Tests, Dugway Proving
Ground, Fall, 1979.

from burning carbon-fiber composite
material. This investigation was organ-
ized by NASA at the request of the Presi-
dent’s Office of Science and Technology
Policy to evaluate hazards resulting from
the crash and fire of aircraft containing
parts fabricated from carbon-fiber compos-
ite materials.

A net of Kevlar cable, 1000 ft high by
1000 ft wide, was positioned vertically 500
ft downwind from a burning pool of JP-4
jet fuel and carbon fiber composite mate-
rial. (Five hundred carbon-fiber collectors
of various types were attached to the net.)
Before each test, this net was positioned
horizontally on a rope lattice 6 ft above the
ground to protect the sensors. Two 45,000
cu ft tethered balioons, one at each end of
the net, raised the unwieldy flexible net
into the verticai position. After the burn-
ing, the net was lowered once more onto
the horizontal supporting lattice without
damage to the 500 samplers. The five com-
pletely successful operations enabled
NASA and the Department of Defense to
acquire a much more complete range of
fiber release data than had been possible
from previous methods of testing. AFGL’s
procedure for raising and lowering a large,
flexible fragile payload, using an intercon-
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NASA/DOD Carbon Fiber Burn Tests. Two tethered balloons support the net, which
col lects specimens in the fire plume.

nected, widely separated, pair of balloons
marks an extension in the state of the art
for tethered balloon operations.

Stinger Winter Field Tests: During
February-March 1980, a 6000 cu ft,
aerodynamically shaped balloon system
carrying a Knollenberg spectrometer was
provided and operated for the U.S. Army/
NATO tests of the Stinger missile in West
Germany.

Low Visibility Measurements: The Di-
vision also again supported the U.S. Army
Atmospheric Sciences Laboratory field
program to collect data at Meppen, West
Germany, for modeling the effect of atmos-
pheric fog and haze on the ability to see

ground targets from aircraft. An AFGL
launch crew operated the 6000 cu ft bal-
loon system on a 24-hour schedule from 24
October to 10 December 1980.

Ash Can: The Division is responsible for
a Department of Energy (DOE) program
called “Ash Can” to provide measure-
ments of man-made atmospheric constitu-
ents which could have an impact on
health. Balloon flights are conducted to
altitudes from 21 to 27 km. Operations
occur on an annual basis from Panama.
Alaska, and Holloman AFB. Frequently,
AFGL atmospheric measurement pro-
grams are joined with Ash Can field efforts
to reduce costs and compare data. During
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the past 2 years, 48 successful flights were
conducted and 88 samples obtained. The
data were sent for analysis to the Argonne
National Laboratory and the DOE’s
Health and Safety Laboratory.
Air-Launched Balloon System: The
Air-Launched Balloon System (ALBS) de-
velopment program proceeded through
most of its second phase. The item requir-
ing the greatest effort was the redesign of
the liquid-helium dewar and heat-transfer
system into a "hardened” configuration,
capable of withstanding all extraction and
deployment shocks. This effort was carried
out successfully, as were refinements of
the parachute subsystem design to elimi-
nate a serious extraction line-recoil prob-
lem observed at the end of Phase One.
Several other system components were
also improved (inflation tubing, interface
hardware, release devices, timing and con-

trol circuits). The culmination of these en-
deavors was the preparation of a flight-

ready system which was to have been air-
launched over the White Sands Missile
Range in November, 1980. The last-
minute cancellation of the arrangements
for C-130 aircraft test support prevented
the test from taking place until early 1981.

Balloon Altitude Mosaic Measure-
ments Program (BAMM): The BAMM
program continued during 1979 with the
second data-gathering flight from Hollo-
man AFB, N. Mex., and the third from
Keesler AFB, Miss. The 5 million cu ft
balloons carried a radiometer, TV camera,
and interferometer mounted on a stabil-
ized platform with command-controlled
pointing. To obtain data above land/water
terrain the third flight was over the Gulfof
Mexico. The gondola was rigged with a
special packed parachute so that the in-
strumentation could be snatched by heli-
copter in mid-air to prevent impact dam-
age. This proved to be a highly satisfactory
operation—the payload was lowered to the
runway completely undamaged. In 1980. a
successful test flight was made from Hollo-
man AFB using a stabilized platform hav-

Payload of Balloon Aititude Mosaic Meas-
urements Program (BAMM) Ready for
Launch, 1979.

ing much higher pointing accuracy.
Balloon Vertical Motion Control: Since
the first public demonstration of balloon
flight in 1783, the control of the vertical
motions of unpressurized balloons has
been a continuing concern. Vertical mo-
tions result from an imbalance between
the gravitational force, or system weight,
and the buoyant force acting on the sys-
tem. To control the vertical motions it is
necessary to control these forces. System
weight is controlled by deballasting. In
practice. it is used effectively to initiate
ascent or to increase ascent rate, and to
arrest descent or decrease descent rate.
Buovant force control, on the other hand,
is not simple in either practice or theory. It
1s achieved by reducing the volume dis-
placed by the balloon by venting lifting
gas, or valving. Buoyant force control is
complicated for reasons related to the




e A 2nk SN 4

0.7
——
° Tewe
o
0.6
(=)
(&)
3 05 &-—Tr
(1] ’ - = e
5 /‘ a3
Y ] A
W 0.4k
g /e [ e
S 03
X
(&
2
(o]
w 02 eEV-i3
a ®EV-20 (DUAL)
> ol ®EV-20
% | 2 3 4

DIFFERENTIAL PRESSURE AT VALVE (PSF)

Apex Valve Performance Characteristics.
Because most valving requirements occur at
differential pressures in the neighborhood of
0.25 psf, apex valves are not an efficient
means to initiate descent from high aiti-
tudes.

mechanics of the valve itself, the dynamics
and thermodynamics of the lifting gas
being valved, and the resultant vertical
motion of the balloon. Its limited effects
include initiation of descent, increase in
descent rate, arrest of ascent, and decrease
in ascent rate. Many atmospheric probe
and sampling experiments using balloons
require a controlled descent rate and,
ideally, a constant descent rate. These
problems were studied during the period
covered by this report.

Quick Descent: The problem of prompt-
ly initiating descent from high altitudes
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(greater than 30 km) is not amenable to
solutions involving a conventional apex
valve, primarily because the pressure
causing the flow is roughly proportional to
the atmospheric pressure. The flow rate at
low atmospheric pressures (high alti-
tudes) is thus much too slow to be practical.
The efficiency of the valve orifice depends
upon the pressure differential and is ex-
tremely low for the differential pressures
at the high altitudes. In addition, free flow
is restricted by the formation of a negative
pressure region at the balloon nadir in re-
sponse to the flow. An alternative method
toinitiate descent was investigated in four
flights under the in-house technology base
program. Large ducts, 6 ft in diameter,
located at selected distances above the bal-
loon base were used instead of the stand-
ard apex valve. They functioned either
alone or in conjunction with a comparably
sized base-inlet duct intended to eliminate
the formation of a negative pressure re-
gion. Used alone, the upper duct did pro-
duce a rapid response to the descent initia-
tion command, but a negative pressure re-
gion formed and prematurely stopped the
flow before the desired descent rate occur-
red. With both ducts in use, the negative
pressure region did not form, but during
descent the ingested air apparently either
warmed compressively or maintained a
temperature warmer than the decreasing
ambient-air temperature and thus effec-
tively counterbalanced the valving. The
result of these experiments was a clearer
definition of the problem and the accu-
mulation of information on balloon ther-
modynamics and aerodynamic drag which
is essential to the formulation of the next
approach to this continuing balloon-
control problem.

Descent Rate Control: Once descent has
been initiated, continuous valving during
descent through an orifice of fixed size has
long been known to result in a continuous-
ly increasing descent rate. When the ori-
fice is eventually shut. however, the sys-
tem will experience an abrupt decelera-
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tion. If the descent rate at the time of clos-
ing is slow enough (threshold unknown),
the system can actually reverse direction
and rise, before continuing down at a re-
duced rate. To operate between these ex-
treme responses and achieve relatively
constant, slow descent rates, the Aero-
space Instrumentation Division has de-
signed an apex valve to provide an orifice
area that is continuously variable be-
tween fully open and fully closed. The
valve setting is selectable by command
during flight. The flight test results show
that such a system is capable of achieving
the stated objectives. Guidelines for its op-
eration, however, must be derived from
practical experience because of the
uniqueness of each balloon system, the
variability of the actual operating en-
vironment, and the complexities of
aerodynamic drag and inflation gas ther-
modynamics.

Balloon Design: A procedure is being
developed whereby a set of specified flight
requirements—payload, altitude, dura-
tion and profile manipulation—will trans-
late into engineering production specifica-
tions for balloons. As part of this effort, a
computerized table-scanning procedure
has been written to ascertain the suitabil-
ity of proven balloon engineering designs.
In addition to the yes/no suitability
answer, for the acceptable designs in the
tabulation, the output includes both the
ballast weight and the parachute size and
weight required for the system. Because
each acceptable design is listed in the out-
put, selection of the most suitable balloon
design is then possible, based on unpro-
grammable or unaccounted operational
considerations.

Balloon Reliability: Balloon perfor-
mance statistics have traditionally
counted aborted flights as random balloon
failures due to launch environment, un-
skilled crews, or some other unusual fac-
tor, and hence not amenable to correction
by design or manufacturing changes. Us-
ing data from several sources, the Division

assessed potential problems with large
balloons which might be suitable for a
high altitude BAMM flight. This study re-
vealed that for 100 balloons greater than
26 million cu ft in volume, there had been
only 6 in-flight failures while there were
18 ground aborts. A preliminary analysis
of these flights revealed that the aborts
were not randomly distributed; rather,
they could be divided on the basis of the
unbalanced bubble-erection force into two
groups, one with a failure rate of 14 per-
cent and the other with a failure rate of 25
percent. This information will be applied
in the study of balloon design criteria sche-
duled for the next reporting period.

Balloon Instrumentation: Significant
progress has been made in upgrading data
telemetering systems and balloon control
instrumentation. The driving force behind
this continuing program has been our ex-
perimenters’ increasing need to process
selected experimental and flight-control
data in real time. A dual approach has
been pursued in meeting the demand for
improved data-handling and control sys-
tems. The first method has been to adapt to
balloon use the uhf command systems and
the high-data-rate S-Band techniques
originally developed for rocket instru-
mentation. The second has been to rede-
sign completely the slower rate hf systems
typically employed in balloon instru-
mentation.

The AFGL Detachment 1 permanent
facility at Holivman AFB now has a very
versatile, high-rate communication sys-
tem for in-flight data recording, display
and uplink commands. Both frequency
modulation (FM) and pulse-code modula-
tion (PCM) telemetry systems are avail-
able, with a variety of equipment for re-
covering, displaying and recording data
from balloon-borne experiments.

Line printers, data formatters, cathode
ray tubes, analog pen recorders. nine-
track digital tape units and disks allow the
users to monitor and record selected data
in real time. The scientists can thus make
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timely decisions to alter the experiment
operation or to change the balloon trajec-
tory. With the aid of the PDP-11/40 digital
computer installed in 1975, they can proc-
ess the received signals to display data in
scientific form for ease of interpretation.
Recorded data can be replayed at real-time
speed or more slowly to verify operational
readiness or to prepare for subsequent
flights. For in-depth data reduction analy-
sis, the recorded data can be made com-
patible with large-scale data reduction
systems. Because the PCM system is flex-
ible, the bit rates, bit order, word sizes and
data content can be adapted to a wide
range of formats. Nominal data rates for
most applications are in the lower kilobit
range. Data rates as high as 512,000 bits
per second and 1600 frames per second
have been successfully received and the
data processed and displayed. Bit rates as
high as two million bits per second could
be handled. Software is available for the
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standard data set, and special programs
can be developed for users with individual
requirements.

The AFGL permanent balloon launch
facility can cover flights at operating
ranges as great as 250 miles when the
balloon altitude is 50,000 ft or higher. This
allows routine, real-time operational sup-
port for launches from Holloman AFB and
the various other launch locations in and
around the White Sands Missile Range. To
provide coverage from remote launch loca-
tions or for flights at extended distances
from Detachment 1, a mobile facility with
similar data acquisition capability has
been put into operation. It can be strategi-
callv located with a telephone communica-
tion link to the base facilities. This
arrangement provides continuous display

Interior of Mobile Telemetry and Command-
Control Station for Balloon Flights.




58

of scientific data at the base facility, but
because of the limited data rates achiev-
able over standard telephone lines, only
subsets of the total data packages are dis-
played.

Although traditional hf systems do not
have the capability for high data rates,
they are not limited to line-of-sight dis-
tances as are vhf and uhf systems. This
advantage, their usefulness as secondary
or backup command systems, and the con-
tinuing need for relatively simple balloon
and ground station instrumentation on
flights where data volumes are low, have
kept hf systems in constant use. Their
capabilities have not remained static.
There has been an across-the-board,
operationally qualified upgrading in
which C-MOS logic circuits have been em-
ployed, both to increase reliability and to
enhance data transmission rates. First,
the standard hf balloon instrumentation
package has been augmented with a 28-
channel, high-resolution data encoder/
timer unit and an 18-channel command
decoder. The encoder resolves sequentially
sensed voltages (from on-board experiments
or flight controls) with 10 mV increments.
Its pulse-duration 9-bit octal output code
has a variable speed, ranging from slow
(with hf transmissions) to rapid (with vhf
and uhD. The decoder uses sequenced au-
dio tones received from the ground to
select a specific command channel. It also
employs a reply code, in the same format
as the encoder code, to verify channel
selection. These changes to the standard
balloon instrumentation package have
been accompanied by the development of
corollary ground station equipment such
as a command-tone generator and decod-
ing, display, and recording devices for in-
coming encoded data. A second area of im-
provement has encompassed hf in-flight
transmitters and receivers. These items
were redesigned with solid state compo-
nents for greater reliability and uniformi-
ty. Frequency shift-keying (FSK) was also

incorporated into the transmitter, while
the receiver was given a dual channel
capability. In addition, to increase the
range of a 5 W vhf FM transmitter de-
signed for use with the new encoder (to
allow higher data transmission rates in
line-of-sight operations), a ground-based
vhf data repeater was successfully de-
veloped and operationally tested in the
vicinity of Holloman AFB. Other balloon
instrumentation developments include a
“smart” ballast valve for tethered balloon
applications (it remembers when it has
been opened and it sounds an alarm on
opening), a variable-opening helium gas
valve, and a complicated flight-control
package for the Air Launched Balloon Sys-
tem. The latter item controls a number of
events with split-second accuracy, includ-
ing the operation of a cryogenic, mid-air
inflation system.

JOURNAL ARTICLES
JANUARY 1979 - DECEMBER 1980

CARTEN, A.S., and Wuest, M.R.
Parachute Techniques Employed in the Air-
Launched Balloon System (ALBS) Development
Program

dJ. Aircraft 17, No. 2 (February 1980)

WiLton, R.E.

Printed Circuit Antennas for Solving Various In-
strumentation Problems

Proc. Wkshp. Printed Circuit Antenna Technology
(October 1979)

PAPERS PRESENTED AT MEETINGS
JANUARY 1979 - DECEMBER 1980

CArTEN, A.S.

The Air-Launched Balloon Svstem (ALBS/ Phase
Il Design Improvement and Test Program

AIAA Parachute and Balloon Testing Capabilities
Wkshp., Edwards AFB, CA (6-7 October 1980

CarTEN, A.S., and WuesT, M.R.
Parachute Techniques Emploved in the Air
Launched Balloon Svstem Development Program
6th AIAA Aerodynamic Decelerator and Balloon
Technology Conf.. Houston, TX (5-7 March 1979
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GriFFIN, J.R., THorN, W., PoiriEr, N.C.,

and Fike, R.M.

Telemetry and Control Systems for the Balloon
Altitude Mosaic Measurements Program

Int. Telemetry Conf., San Diego, CA (October
1980)

Howarp, C.D., and RasMusseN, R.O.
Special Considerations to Assure Flight Success
with Large, Expensive Rocket Payloads

5th ESA-PAC Symp. on European Rocket and Bal-
loon Programmes and Related Res., Bournemouth,
England (14-18 April 1980)

Laping, H.

A Poor Man’s Balloon Control and Data System
Int. Telemetry Conf., San Diego, CA (October
1980)

McKEenNa, EF.

Post Burnout Thrust Measurements

5th ESA Symp. on European Rocket and Balloon
Programmes and Related Res., Bournemouth, En-
gland (14-18 April 1980)

Post Burnout Thrust and Outgassing Characteris-
tics of Solid Propellant Rocket Motors

AIAA 5th Sounding Rocket Technology Conf.,
Houston, TX (7-9 March 1979)

Steeves, R.G.

ARIES Rocket Flight Vibrations Environment,
Multispectral Measurements Program

AIAA 5th Sounding Rocket Technology Conf.,
Houston, TX (7-9 March 1979)

TECHNICAL REPORTS
JANUARY 1978 - DECEMBER 1980

CARTEN, A.S., and SinoT, C.F.

Gas Replenishment Techniques for Use in High-
Altitude, Long-Duration Scientific Balloon Flights
AFGL-TR-79-0278 (14 November 1979),
ADA(084486

DWYER, J.F.

The Problem: Instantaneously Effecting Controlled
Balloon-Svstem Descent from High Altitude
AFGL-TR-80-0277 (11 September 19801,
ADA100255

GIANNETTI, A.A,, and Erickson, J.C.
AFGL Balloon Telemetrv Facility
AFGL-TR-80-0029 (23 January 1980), ADA084811
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KrEss, C.P.

Prediction of Payload Internal Pressure
AFGL-TR-80-0260 (4 September 1980),
ADA099339

Laring, H.

BCS-18A Command Decoder-Selector
AFGL-TR-80-0249 (25 August 1980), ADA099384

Novran, G.F., WriNkLE, L.D., 1/Lt, and
GILDENBERG, B.D.

Modified Gas Valve for Improved Balloon Descent
Control
AFGL-TR-80-0333 (30 October 1980), ADA099371

Rice, C.L. (Editor)

Proceedings, Tenth AFGL Scientific Balloon Sym-
postum, 21 August to 23 August 1978
AFGL-TR-79-0053 (1 March 1979), ADA074469

WaLKER, K.R., and GrIFFIN, J.R.

Microprocessor Controlled Pulse Amplitude Mod-
ulation Decommutator
AFGL-TR-80-0335 (28 October 1980), ADA100270

Wirton, R.E., and WATERMAN, A.
Telemetry Antennas for Large Diameter Sounding
Rockets

AFGL-TR-79-0205 (4 September 1979),
ADA082383

CONTRACTOR JOURNAL ARTICLES

JANUARY 1979 - DECEMBER 1980

Kegsg, D.L. (Texas A&M Univ., College
Station, TX)

Zero-Pressure Balloon Design, '
AIAA J. 17, No.1 (January 1979)

CONTRACTOR TECHNICAL REPORTS
JANUARY 1979 - DECEMBER 1980

Bean, S.P., and Grounp, J.R. (New
Mexico St. Univ., Las Cruces, NM)

Balloon Systems and Launch Support
AFGL-TR-79-0175 (15 April 1979), ADA075385

Buck, R.F. (Oklahoma St. Univ., Stillwater,
OK)

Ten-Bit Resolution PCM Encoder i Falling Sphere
Experiment}
AFGL-TR-80-0071 t1 February 1980). ADA092111




BUMGARNER, R.A., and GILCREASE, A A.
(New Mexico St. Univ., Las Cruces, NM)

Sounding Rocket and Balloon Systems Support
AFGL-TR-79-0166 (July 1979, ADA075384

Durney, G.P., and Lawrence, R.W. (ILC
Dover, Frederica, DE)

Air Force Geophysics Laboratory Aerodynamically
Shaped Tethered Balloon, 45,000 FT°
AFGL-TR-80-0367 (December 1980), ADA096758

EBacHER, R.W. (Wentworth Inst. of Tech.,

Boston, MA)

Payload Instrumentation for Probing Rockets
AFGL-TR-80-0027, (December 1979), ADA083023

Erickson, J.C. (New Mexico St. Univ., Las
Cruces, NM)

Support of AFGL Balloon Telemetry System
AFGL-TR-80-0372 (30 September 1980),
ADA097735

Fike, R.M. (Oklahoma St. Univ., Stillwater,
OK)

TRADAT Microcomputer Based Trajectory System
AFGL-TR-80-0012 (November 1979), ADA083074

HoweLt, A H. (Tufts Univ., Medford, MA)

Balloon-Supported Antenna for LORAN C/D
Navigation System

AFGL-TR-80-0107 (January 1980), ADA087488
New Hardware for Tethered Balloons
AFGL-TR-80-0108 (January 1980), ADA086836

Payloads used in First Three Data-Gathering
BAMM Flights

AFGL-TR-80-0109 (January 1980), ADA086839
Balloon-Supported LORAN Antenna, New Hard-
ware for Tethered Balloons, and Payloads used in
BAMM Flights

AFGL-TR-80-0034 (28 February 1980),
ADAO087487

Morin, R.L. (Northeastern Univ., Boston,
MA)

Command Control Consoles for Sounding Rocket
Payloads
AFGL-TR-80-0019 (December 1979), ADA084097

OLsEN, J.F. (Aerojet Services Co.,
Sacramento, CA)

Engineering Services in Support of Sounding
Rockets
AFGL-TR-80-0127 (November 1979), ADA087801

RocHEFORT, J.S., O’'ConNNoR, L.J., and
Poirier, N.C. (Northeastern Univ., Boston,
MA)

Communication and Instrumentation Systems for
Space Vehicles
AFGL-TR-80-0189 (1 January 1980), ADA087944

THogrn, W.F. (Northeastern Univ., Boston,
MA)

FM Transmission of Television from Rockets and
Balloons
AFGL-TR-79-0160 (11 July 1979), ADA075489




Space Shuttle Against the Auroral Arc. Future research in space physics will concentrate on under-
standing the effects of the aurora on military operations from the Shuttle.
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IV SPACE PHYSICS DIVISION

The technical program of the Space
Physics Division is concerned with space-
environment effects on Air Force systems.
Particles, such as electrons and protons,
which permeate near-earth space, can de-
grade satellite electronics and sensors by
radiation damage. They can also interfere
with and disrupt on-board computer sys-
tems. Magr.etic storms and substorms
create ionospheric disturbances whicn de-
grade communications to and from satel-
lites. They can cause surveillance, detec-
tion, and tracking systems to become in-
effective or to give false information.
Space is a dynamic environment with dai-
ly and seasonal variations and with natur-
ally occurring disturbances. These vari-
ations and disturbances are caused by the
sun. Therefore, the Division's program
deals with solar activity and how to pre-
dict it, the radio and particle emissions
resulting from such activity, and the
propagation of solar particles through the
interplanetary medium to the vicinity of
the earth. It also is concerned with the
interaction of such particles with the
earth’s magnetosphere, and with the
particle fluxes and energies within the
magnetosphere. Magnetic disturbances
and storms and ionospheric irregularities
resulting from particle precipitation and
varying electron densities are included in
its investigations.

In accomplishing its programs, the Divi-
sion observes and monitors the important
parameters in near-earth space with in-
struments carried by satellites and by a
dedicated. heavily instrumented KC-135
which functions as an airborne ionospher-
ic observatory. The flving observatory is
used in a program of ionospheric mapping
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and in the study of ionospheric disturb-
ances both in the arctic and in the equato-
rial regions.

To complement the satellite and air-
craft-borne observations, the Division
maintains a number of ground-based
observational sites such as the ionospheric
observatory at Goose Bay, Labrador, its
network of seven magnetic disturbance
monitors across the United States, and its
Solar Research Branch at the NSF-
operated Sacramento Peak Observatory.

SOLAR RESEARCH

Solar research in the Space Physics Di-
vision is the responsibility of the Solar Re-
search Branch. The Branch is a tenant at
the Sacramento Peak Observatory (SPO),
Sunspot, NM, a national center for solar
physics operated by AURA, Inc., under
contract to the National Science Founda-
tion. Its task is to identify, predict, and
understand physical mechanisms on the
sun which give rise to the solar flares and
high-speed solar-wind streams that pro-
duce geophysical disturbances known to
disrupt Air Force systems. In addition, the
Branch has an active program to restore
images of the sun and of earth satellites
that have been degraded by atmospheric
turbulence. It is now in the third year of a
study of variations in the sun’s ultraviolet
output to determine if these changes are
large enough on a short enough time scale
to affect the character of the ionosphere or
influence weather patterns. The Solar Re-
search Branch has recently begun inves-
tigations of the solar-stellar connection, a
new area of research in which observa-
tions of active and variable stars are
analyzed to better understand similar
phenomena on the sun.

Flare Prediction: The capability to pro-
duce accurate predictions of solar flare
activity will ultimately depend on a com-
plete understanding of the physical proc-
esses occurring in flares. including the
mechanisms for energy storage and re-

lease. At present, however, flare forecast-
ing relies on statistical relationships be-
tween flare occurrence and solar pre-flare
characteristics. The Solar Research
Branch conducts in-house and contractual
research in both flare physics and statis-
tical methods. Both approaches utilize so-
lar data obtained from the Air Weather
Service (AWS) Solar Optical Observing
Network (SOON) in addition to the tele-
scopes available at SPO. The techniques
developed through these studies are, in
turn, applicable to SOON observing proce-
dures and to the operation of the Air Force/
NOAA Space Environment Services Cen-
ter (SESC) in Boulder, Colerado.
Observations made earlier at SPO
showed that flare energy may be built up
and stored in sheared magnetic fields, as
evidenced by relative motions between
sunspots or solar-surface magnetic fields.
Recent magnetograph measurements,
combined with estimates of shear derived
from the local geometry of solar atmos-
pheric structures, have now indicated
stored energy in amounts sufficient to
power even the largest flares. Additional
observations have also shown that the
triggering of the flare may be associated
with the emergence of new magnetic flux
from beneath the solar surface. Measure-
ments of the actual vector magnetic fields,
although difficult to obtain, have been suc-
cessfully completed under contract. These
results confirm the presence of sheared
field in association with sunspot motions
and subsequent flare activity. The final
product of this research is the design of
observational parameters geared to quick
identification of sheared fields and stored
energy. These parameters are obtainable
by SOON, which provides the bulk of the
solar optical data transmitted to SESC.
Large flares occasionally produce emis-
sion in the optical continuum. These
“"white light” flares appear to be associated
with the acceleration of high energy pro-
tons which subsequently reach the earth
and produce geophysical disturbances. To




White Light Flare of July 1. 1980, Photographed: ta) in the Yellow-Green Prior to
Onset. thy in the Ultraviolet at Flare Maximum, and 1¢) in the Yellow-Green at Maxi-
mum. The scale represents 10 arcsec, which corresponds to about 7300 km on the solar
surface.

study such flares, the Solar Research
Branch has participated in the construc-
tion and operation of a special telescope at
SPO capable of measuring the polariza-
tion and spectrum of flare emissions.
Observations of a large flare on July 1,
1980, showed strong emission extending
into the ultraviolet with no polarization.
These data are compatible with the
hypothesis that proton bombardment of
the lower solar atmosphere causes the
emission. The solar magnetic configura-
tion and other preflare characteristics of
this event are being investigated. It is
likely that the actual site of the flare ener-
gy release occurs in the solar corona. at an
altitude higher than the optical source.
The most recent work on the statistical
approach to flare prediction uses improved
algorithms for the Multivariate Diserimi-

nant Analysis (MVDA) technique de-
veloped earlier, and a larger data base for
testing the methiod. Data for the years
1977 and 1978, collected by NOAA from
SOON and other observatories, have been
used in the MVDA computer program to
produce daily forecast accuracies of 94, 32,
and 59 percent for no flare, small flares,
and large flares, respectively. During the
same period. comparison predictions, sub-

jectively derived using conventional

NOAA methods. vielded accuracies of 95,
24, and 37 percent in the same categories.
The greater accuracy in the forecasts for
large flares is of particular interest to the
Air Force because of the geophysical im-
portance of these events. Other statistical
methods, including logistic regression,
have been tested under contract. Results
are similar to those obtained from MVDA,
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although they are more adversely affected
by coding errors and missing data.

The MVDA technique has further ap-
plication in a recently initiated effort to
produce a short-term (10 minutes to 2
hours) flare forecast. Unlike the daily fore-
cast, the short-term predictions will re-
quire real-time data and extremely short
forecast-preparation time. Therefore
objective, computer-generated predictions
seem essential. A preliminary prediction
scheme has already been outlined in a
joint effort between the Solar Research
Branch, the Plasmas, Particles and Fields
Branch (which will provide the analysis of
pre-flare solar radio data), NASA Mar-
shall Space Flight Center (pre-flare soft
x-ray data), NOAA World Data Center
(pre-flare optical fluctuations), and AWS/
SOON.

The Solar Research Branch provides
assistance to and receives data from,
AWS/SOON in a2 mutual effort to design
more effective observing sequences for use
in flare prediction. In particular, a track-
ball-operated .i.arping digital technique

CARRING TN 2mo 20 2800 2860 2900

SOON Trackball Map Showing a Sunspot
and the Magnetic Polarity Inversion Line.
Coordinates are labeled in solar latitude
tordinate) and longitude (abseissal.

has been jointly developed to obtain data
on sunspot dynamics, magnetic field de-
velopment, and atmospheric structures
tsee figure). The main feature of the map-
ping program is its capability to superpose

data of various types and times. Automat-
ic corrections are also made for fore-
shortening of objects seen near the solar
limb. This unique system should therefore
prove ideal for rapid assessment of new
flare-prediction parameters that will sub-
sequently be incorporated into the MVDA
technique. The Solar Research Branch has
also been active in developing the SOON
magnetograph hardware and software
and in providing assistance to the SOON
observer training schools.

In 1980 NAS, successfully launched
the Solar Maximum Mission (SMM) satel-
lite, a series of experiments coordinated
with ground-based observations; SMM
was part of a larger international effort
known as the Solar Maximum Year
{(SMY). During this period the Solar Re-
search Branch participated in joint SMM/
SMY experiments involving studies of the
impulsive phases of flares as observed in
x-rays, gamma rays, and optical emis-
sions. One result was the observation of a
white-light flare (discussed above) which
coincided in time with a solar gamma-ray

burst, providing further evidence for pro-

ton acceleration in flares.
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The Solar Research Branch also partici-
pated in the NASA/NSF Skylab Workshop
on Solar Flares, which led to the most com-
plete review and description yet available
{published 1980) on the solar-flares. More
recently, the Solar Research Branch con-
tributed to the International Solar-
Terrestrial Predictions Workshop and
Study Group (1979), which reviewed and
provided recommendations for the entire
solar activity forecasting industry and its
customers. Finally, the Solar Research
Branch provided consultation to the De-
partment of Energy’s contracted study
group, JASON, regarding techniques and
research in solar activity forecasting.

Coronal Holes and the Prediction of
Geomagnetic Disturbances: The Solar
Research Branch has continued a program
to supply data to the Air Force and other
governmental agencies for the purpose of
predicting geomagnetic disturbances. Pre-
vious research by Branch personnel has
shown that the use of solar coronal green-
line data (see below) can improve'the pre-
diction of such disturbances. These data
are obtained by Branch personnel on a dai-
ly basis at SPO and telecopied to Air Force
Global Weather Central (AFGWC) at
Offutt AFB and the SESC. They consist of
maps obtained by processing circular
scans around the limb of the sun at various
heights made in the green light of Fe XIV
at 5303 A. This light comes solely from the
million-degree solar corona. Depressions
in the intensity level of this light corre-
spond to the existence of “coronal holes,”
which have been found to be correlated
with high-speed solar wind streams and
geomagnetic disturbances. These daily
scans may be assembled into a single map
representing how the corona would look on
any given day if one were able to see it
against the solar disk. Such maps are simi-
lar in appearance to maps obtained by
rocket and satellite imagery of the sun in
soft x-rays. These coronal maps, a new
product of the Solar Research Branch,
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have found high acceptance among fore-
casters at both AFGWC and SESC. A sam-
ple, corresponding to the way the corona
would have appeared against the disk on
July 27, 1980, is shown here. In these
maps, which are quickly produced by com-
puter processing at the Solar Research
Branch, coronal holes appear black. They
may be quickly and easily recognized by
geophysical forecasters, and the maps as a
whole may be compared easily to other
solar imagery available to forecasters,
such as spectroheliograms in He I 10830
A, or Ha 6563A. The forecasting agencies
receive telecopies of these maps on a twice-
weekly basis. They are also utilized by
Branch personnel for correlative studies
with other solar data, geomagnetic dis-
turbances, and satellite drag data.

Efforts are underway to assist SOON to
obtain intensity maps of the sun in He
10830 A. This atomic absorption line
appears to be well-correlated with the
location of coronal holes on the solar disk.
Branch efforts are centering on utilizing
the diode sensors of SOON optical tele-
scopes to compare the intensity in this
very weak line with that of the adjacent
solar continuum. Whe: ‘as the green line
can only be seen at the solar limb, the
10830 A line has the advantage of being
“observable” on the sun’s disk itself,
although it appears in the infrared and
thus can be detected efficiently only by
photosensitive diode detectors. Because
the line’s signal is so weak, Solar Research
Branch scientists are having to develop
special solar-scanning and data-reduction
techniques to obtain usable data. The ulti-
mate goal of these efforts is to enable each
SOON installation to generate daily maps
in the 10830 line.

Coronal Holes and Satellite Drag: At
the request of Headquarters, Aerospace
Defense Command (ADC), the Solar Re-
search Branch investigated satellite drag
data provided by ADC, relative to daily
scans of the solar corona in the green line
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Total Satellite Drag CoefTicient for Skylab, B
tdotted line) and East-limb-west-limb Aver-
age Equatorial FE XIV 5303 A Coronal In-
tensity, I, (solid line! as a Function of Time.
B is plotted as a function of observation time
at the earth. A lag of 10 days from central
meridian passage is introduced for I to simu-
late a hypothesized disturbance travel time
from the sun to the earth. Prior to the period
plotted, there were no data for B. After the
period plotted, both signals became aperi-
odic.

obtained by the Solar Research Branch.
The satellite drag data came from Skylab
and other satellites, and showed unex-
plained variations in drag with periods
ranging from 1 to about 27 days. Attempts
had been made earlier at ADC to model
the density of the upper atmosphere, but
these modeling attempts were unsuccess-
ful in removing the observed drag vari-
ations. The existence of the 27-day period
in some of the data immediately implied a
solar connection, as the solar rotation
period near the equator as seen from the
earth is approximately 27 days. The solar
green-line data during that period in fact
did show a 27-day periodicity in bright-
ness near the solar equator. By shifting
the coronal data slightly in time, relative
to the satellite drag data, it was possible to
produce a good correlation between max-
ima in the solar coronal intensity near the
equator and maxima in the satellite drag
{see figure). The transit time from the sun

to the earth, which would be obtained by
this procedure, turned out to be approxi-
mately 10 days.

One-Shot Coronagraph: After several
years in design and construction, the new
“one-shot” coronagraph at SPO has been
completed with the help of Solar Research
Branch personnel, and systematic patrol
observations are now underway. The ear-
lier monochromatic green-line corona-
graph was fabricated during 1955, and
observations began shortly afterwards.
The quality of those observations was con-
sidered excellent for that time, with a
minimum of instrumental scattered light
and a high signal-to-noise ratio, producing
photographs of even the faintest coronal
structures. The new instrument is now
yielding the best coronal photographs ever
obtained by any instrument in the world.
The system gives Fe X (6374 A) and Fe

Superposed Photographs of the Sun Ob-
tained Simultaneously with the New "One-
shot” Coronagraph by the Solar Research
Branch. Disk picture and inner limb are in
Ha 16563 Ay formed at 10" degrees K. middle
limb photo in Fe X (6374 Arat | « 10" degree
K. and outer limb in Fe XIV 15303 Ay at
about 2~ 10" degrees K.




XIV (5303 A) photos at the limb, and Ha
(6563 A), both at the limb and as full disk
pictures (see figure). For the first time, a
coronal image of the entire limb is
obtained in a single exposure; hence the
name, “one-shot.” The photos are the best
Solar Research Branch coronal expert
Howard DeMastus has seen in 25 years of
solar studies. They have exposure times
less than one-half of those from the earlier
instrument, resulting in far better tem-
poral and spatial resolution. It may now be
possible to observe some of the high-speed
coronal transients predicted but not yet
observed by ground-based coronagraphs.

The Solar Research Branch plans to use
these new observations as a further tool in
determining the relationship between
flare-producing regions and transients in
the corona as well as augmenting photo-
electric observations of coronal holes.
Although this instrument is not ideally
suited for detecting coronal holes, which
are normally observed with a coronal
photometer, the one-shot observations
can, nevertheless, indicate the nature of
the inner corona adjacent to such coronal
hole regions.

Energy Transport in the Solar Atmos-
phere: The Solar Research Branch con-
tinued its study of the fundamental proc-
esses involved in transporting energy
through the solar atmosphere and into the
interplanetary medium. Major advances
were made in understanding the nature of
convective overshoot, the scales of convec-
tive motion on the sun, the nature of
oscillatory and wave motions of the solar
atmosphere and of the sun as a whole, the
determination of conditions in the interior
of the sun from surface phenomena, and
the interaction of motions with magnetic
fields, leading to solar activity.

Tentative evidence for fast solar rota-
tion has been observed by the Solar Re-
search Branch. Features on the solar sur-
face near the equator rotate with an aver-
age period of about 27 days. Analyses of
sunspot motions from 1915 through 1977
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indicate that motions having much short-
er periods may also be present. Periods of
4.2,8.4 and 16.8 days showed up in Fourier
analysis, which agree with predictions
ba<ed on the assumption that the invisible
cor: of the sun is rapidly rotating.

Fluctuations in solar chromospheric
emission as observed in the calcium K-line
have been monitored for the past 5 years, a
period coinciding with the rise in solar
activity from minimum to maximum. The
total calcium emission increased about 25-
30 percent. The increase in the mean emis-
sion was well correlated with both the
number of plage regions on the sun and the
Zurich sunspot number. However, daily
variations in the calcium emission seem to
be poorly correlated with daily variations
in either the number of plages or the sun-
spot number. This may have wide-
reaching implications for how emergent
flux affects the quiet chromosphere to cre-
ate active regions.

Working with a contractor, the Solar
Research Branch has extended observa-
tions of solar motions to larger areas of the
solar surface and to longer periods of time.
This has led to the discovery of a previous-
ly unknown intermediate scale of convec-
tion which has been labeled “mesogranu-
lation.” Mesogranules have lifetimes (1-4
hours) which are greater than granules
{about 10 minutes) and shorter than su-
pergranules (one to two days). Their spa-
tial scale is approximately 5000 km, with
velocities of about 100 meters per second.
Mesogranulation may have a significant
influence on the transport of energy and
magnetic fields, and studies are con-
tinuing. The contractor has also provided
theoretical models for the various scales of
convection observed by the Solar Research
Branch. He has found evidence that con-
vective motions can be separated into two
components: those motions controlled by
magnetic fields and others that seem to be
free of magnetic influence.

The Solar Research Branch has made
considerable progress in interpreting the
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often confusing observations of small fea-
tures seen at the solar surface. Knowledge
of the behavior of these granulation ele-
ments, which are resolvable only under
the best atmospheric “seeing” conditions,
is fundamental to our understanding of
the processes which channel energy flow
from the sun’s interior to its outer layers,
and eventually into the solar wind and,
thus, ultimately into the geophysical en-
vironment. The first comprehensive and
accurate picture of the spatial and tempo-
ral behavior of individual convective ele-
ments has been obtained. Diagnostic
methods, used to infer velocity flelds, were
shown to be faulty, and refined techniques
were developed. A comprehensive set of
calculations showing how highly resolved
line profiles would behave under a number
of different physical situations was made.
Phenomena studied include granules,
acoustic waves, oscillations, magnetic
knots and faculae. It was shown that
neither acoustic waves nor granulation
can completely account for the breadth of
solar spectral lines. These calculations
will aid in the interpretation of high reso-
lution observations that should result
both from space shuttle programs, such as

Velocity and Intensity Maps Made in He
10830 of Filaments Seen Against the Solar
Disk. These figures illustrate data taken
with a CCD chip and analyzed using the new
image-processing system at Sacramento
Peak Observatory. Units are km s'' in the
velocity figure and fraction of continuum in-
tensity in line intensity image.

the Spacelab 2 and the Solar Optical Tele-
scope (SOT) missions in which Solar Re-
search Branch personnel are participat-
ing, and from the advances in imaging
techniques described later.

Observations of the interaction between
flows and magnetic fields were obtained.
Flows of magnetic features in the “moats”
surrounding sunspots have shown that
moats typically develop and decay in less
than a day, with a stable period lasting
about 6 days. The sunspot always breaks
up and disappears just before, or concur-
rently with, the decay of the moat. Appear-
ance of a moat indicates that a spot is in its
last decaying stage of evolution. having
only a few davs left to live. During the
moat lifetime. moving magnetic features
break off from the spot. stream across the
moat, and disappear into the surrounding
region. A theoretical model of the interac-
tion of convection and magnetic flux tubes




has been formulated by the Solar Research
Branch with collaborators from the Uni-
versity of Cambridge, United Kingdom,
and the Max Planck Institut in West Ger-
many.

The Solar Research Branch has made
several advances in data acquisition and
processing during this period. Silicon
chips, charge-coupled devices (CCD) hav-
ing a 100 x 100 pixel format, have been
interfaced with telescopes and computers
at both the big dome and tower telescopes
at SPO. CCD devices have several advan-
tages over film and linear diodes, which
have been the primary detectors for solar
observations. Advantages over film are (1)
higher sensitivity, which permits maps of
solar features in spectral regions previous-
ly difficult or impossible to obtain, (2)
linear response to a wide range of light-
levels, and (3) digital data-collection in
real time. The major advantage over
linear diode arrays is their two-dimen-
sional structure, allowing simultaneous
spectral and spatial coverage.

The accompanying figures show a solar
filament (magnetic flux tube or arch above
the solar surface) projected against a small
portion of the solar disk, observed in the
infrared He 10830 line with a CCD device
and processed with the Branch’s new im-
age-processing facility. A strong correla-
tion between line strength and velocity is
evident. These represent the first direct
He 10830 observations of line-of-sight
velocities associated with solar filaments
and will aid in understanding the mechan-
isms by which matter is transported in the
presence of magnetic fields. Now that the
feasibility of array detectors for solar work
has been demonstrated successfully, work
has begun on a sophisticated and powerful
detector system consisting of eight such
two-dimensional arrays to be operated
simultaneously.

High Resolution Imaging: The Air
Force continues to have a keen interest in
high resolution imaging through the
earth’s atmosphere. A significant portion

of Air Force basic research in this area is
through in-house programs and contracts
awarded by the Solar Research Branch.
The primary objectives of these efforts are
to obtain distortion-free images of solar
surface features, to image earth satellites
with increased resolution, and to lay the
technical groundwork for utilizing the up-
coming generation of giant, multiple-
aperture telescopes for high-resolution
observations.

Significant progress has also been made

C

Reconstruction of a Complex Film-recorded
Ca’ K Line Solar Feature: a. Single Input
Frame: b. Direct Sum of 60 Frames: ¢. 60-
Frame Reconstruction.
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in post-processing of images to enhance
fine detail. A contractor has successfully
used the Knox-Thompson speckle imaging
algorithm to improve the resolution of so-
lar features (see figure). Typically, about a
hundred such images are taken in rapid
sequence and then analyzed by Fourier
techniques to obtain a single enhanced
image.

Significant progress has been made in
exploring methods for faint-object speckle
imaging. In conjunction with a contractor,
the Solar Research Branch has con-
structed a video speckle camera capable of
detecting individual photon events. This
camera recently demonstrated its ability
by resolving detail in a quasar fully 10,000
times fainter than objects accessible with
conventional speckle systems. It has also
been used to confirm the discovery of
Charon, the recently-found satellite of the
planet Pluto, and to obtain observations
which suggest that at least two asteroids
(2 Pallas and 12 Victoria) have satellites.
The highlight of this project to date has
been the successful resolution of a Soviet
Molniya communications satellite (see fig-
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STELLAR COMPARISON

Speckle observations of Soviet Molniya
satellite and a stellar comparison. Dark cen-
tral core of satellite auto-correlation func-
tion is slightly resolved. It shows an elon-
gated shape and is larger than the circular
function of the unresolved star. The satellite,
about 5m in diameter, subtended only 0.05
arcsec when observed at an altitude of 2 x
10* km, barely above the theoretical resolv-
ing power (0.04 arcsec) of the 90 inch tele-
scope at Kitt Peak.

ure), a feat for which the Solar Research
Branch was awarded the 1Q 1980 AFSC
Technical Achievement Award.

The successful speckle observation of
faint objects such as satellites entails a
price in the form of an enormous increase
{(several hundredfold) in the quantity of
data which must be processed. The Solar
Research Branch is developing technigues
for using modern image-processing facil-
ities, including array processors and digit-
al video displays, to ease this burden. Ex-
cellent progress has already been made.
The time required to process a single
speckle frame has been reduced from over
30 minutes to about 3 seconds. Since a
single speckle observation involves hun-
dreds, or even thousands, of individual




frames, such time savings are essential.

Solar Variability: The sun appears to
have long-term (decades or centuries) and
intermediate-term (1-10 years) energy-
output variability. Shorter variations
(months or a few years), if they exist,
might affect terrestrial weather patterns
and artificial satellite drag. Astronomers
at Lowell Observatory in Flagstaff, Arizona,
have reported changes in the brightnesses
of outer planets that are inversely pro-
portional to the number of sunspots, an
indicator of solar activity. The brightness
changes are as great as 2 percent per year,
and are believed to be due to changes in
the solar ultraviolet energy output. The
magnitude of the change may, however, be
caused by an amplification effect due to
simultaneous changes in the planetary
atmospheres.

Since 1978 the Solar Research Branch
has been observing outer planets and
satellites, some of which have atmos-
pheres and some that do not, in an attempt
to determine if the brightness changes are
atmospheric in origin. Observations are
made in visible photometric bands and in
the near ultraviolet, using a high-preci-
sion photometer at the 48-inch telescope in
Cloudcroft, New Mex.

Data on Neptune for the first two years
of Cloudcroft observations have been re-
duced. No variability greater than about 1
percent per year has been seen in the
ultraviolet. Results in the visible, espe-
cially for the 1980 season, were unusual
and confusing. The variations are anoma-
lously large over a season. Lowell confirms
this behavior, which may have been in-
duced by the recent solar activity maxi-
mum. Analyses of the results for Neptune
are continuing, as are reductions of the
observations of other planetary bodies. In
addition, a third year of planetary moni-
toring observations, now underway dur-
ing a period of declining solar activity,
may well provide the information neces-
sary to interpret the earlier solar-maxi-
mum results.
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Generalizations of Solar Activity: An
area of astronomy receiving increased
attention and promising to provide impor-
tant scientific breakthroughs during the
next two decades is “The Solar-Stellar
Connection.” Many solar studies are se-
verely limited because all the observed pa-
rameters refer to a single, very ordinary
type star. By comparing these parameters
with those of many other stars, it should
become possible to understand numerous
phenomena which have so far defied ex-
planation, including perhaps, solar flares
and activity. Stellar astronomers, on the
other hand, are unable to test many of
their theories because stars are, in gener-
al, spatially unresolvable, and thus must
be treated as point sources. By using the
nearby sun, with its wealth of small spa-
tial details, as a testbed, they will be able

to solve many difficult problems.
The Solar Research Branch has become

involved in the solar-stellar connection
during the past five years. Five solar-type
stars known to have active chromospheres
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Photometric Variability in the Active Chro-
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were monitored for several months to de-
termine the level of photometric variabil-
ity. One star clearly varied at the 2 percent
level. Satellite measurements of the sun
taken over a roughly comparable period
had maximum variations of 0.2 percent,
an order of magnitude less. The variation
in the active chromosphere star was prob-
ably irregular; observations have been re-
sumed to check for periodic variations.
The other four stars were constant to the 1
percent level, but showed indications of
variability on a lower level. Analysis is
underway to confirm such low-level
variability.

The first detection of magnetic fields in
solar-like stars was made by Solar Re-
search Branch, SPO, and Kitt Peak as-
tronomers. They used Fourier deconvolu-
tion techniques to compare the widths of a
spectral line not sensitive to magnetic
fields with the Ca II k line, which is field-
sensitive. Three stars known to have
strong k lines were observed. Magnetic
fields were detected on two of them: ¢ Boo
A was found to have a field strength of
2700 + 500 gauss covering 20-40 percent
ofthedisk. On 70 Oph A, a slightly weaker
field covered 7-10 percent of the disk on
one occasion, but no field was observed at
another time. The percentage of the disk
covered by strong fields is much greater
than that covered by the sun, consistent
with the great brightness of both stars at
the center of the k line.

SOLAR RADIO RESEARCH

The Solar Radio Astronomy Section of
the Trans-lonospheric Propagation
Branch analyzes radio observations of so-
lar radiation in the 8 millimeter to 1.2
meter wavelength range. It also performs
research on solar active regions and solar
flares and studies the impact of these
flares on the magnetosphere and ionos-
phere. In addition, it advises the Electron-
ics Systems Division on the installation

and acceptance testing of the Radio Solar
Telescope Network (RSTN).

The radio observations analyzed are of
two types: (1) whole-sun observations from
RSTN patrols having antenna beam-
widths larger than the sun’s angular-
diameter (about 0.5°) and (2) high-
resolution observations where the resolu-
tion is of the order of 1 arc-sec to 4 arc-min,
making it possible to examine a single ac-
tive region on the face of the sun. The Very
Large Array in Socorro, NM, the Wester-
bork Synthesis Radio Telescope in the
Netherlands, and the Aericibo telescope in
Puerto Rico have all been used to make
these high-resolution observations.

Patrol Based Research: Previous stud-
ies at AFGL of the large radio bursts
associated with proton flares have shown
that their microwave peak flux-density
spectrum has a characteristic “U-shape,”
with a high flux-density response in the
meter and centimeter regions and a dip at
decimeter wavelengths. It has also been
demonstrated that the spectral width of
the “U” is related to the energy spectrum
of the accelerated protons and that the in-
tegrated flux density at a single frequency
(usually 8800 MHz) of the microwave
burst associated with the proton flare is
roughly proportional to the ensuing peak
proton flux. This last result has recently
been improved by integrating the proton-
flare radio emission over a broad portion of
the radio spectrum (rather than utilizing
only a single frequency), as well as over
time. Further improvement in this cor-
relation was obtained by correcting for the
flare's solar-longitude particle-propa-
gation effect.

The delay to onset of a solar proton event
can be defined as the interval between the
inferred acceleration of the protons on the
sun and their arrival at earth. A studyv
based on a limited number of solar western
hemispheric events has indicated that pro-
ton flares with longer rise times (at Ha.
meter, and decimeter wavelengths) have




correspondingly larger delays to onset
than more impulsive events. The correla-
tion between the flare rise times and the
delay intervals can be used for predictive
purposes.

Two additional studies based on whole-
sun patrol data have applicability for the
24-hour proton-event probability forecasts
jointly issued (at present) by the AWS/
NOAA forecast centers. The first of these
was based on an earlier observation by
members of the Sclar Radio Astronomy
Section that the geophysically important
flares of August 1972 came from a region
that also produced a large number of un-
usual impulsive bursts whose radio emis-
sion is confined to frequencies greater
than 8800 MHz. An extensive review of
historical data has revealed that these
“sharp-cutoff” bursts are a fairly common
characteristic of solar active regions that
produce proton flares, and thus have pre-
dictive utility. The second study was based
on the observation that proton flares tend
to come in clusters, with a few large and
complex regions producing a dispropor-
tionate number of events. It was found
that one-third of all principal (> 2dB) po-
lar-cap absorption (PCA) events came
from active regions that had produced a
previous PCA. A simple persistence fore-
cast technique based on the > 8800 MHz
peak flux density of the burst and solar
longitude of the previous proton-flare from
a given active region was developed to pre-
dict the likelihood of occurrence of these
“subsequent” PCA events.

High Resolution Studies: A number of
active regions were observed at 6 c¢cm
wavelength with the Very Large Array. In
all cases the active region was resolved
into one or more sources which were small
(~20 arc-sec), bright ( - 10°K) and highly
circularly polarized (30 percent to 100 per-
cent). They dominated the active region
emission at this wavelength. The locations
of these sources were well correlated with
the chromospheric plages as seen in Ha
photographs. This enhanced 6 cm emis-
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sion did not come from regions which
directly overlay sunspots. The kigh
brightness temperatures of the regions are
indicative of coronal origin. A strong simi-
larity was noted between circular polari-
zation maps at 6 cm and photospheric
magnetograms. The implication is that
the polarization maps can serve as a
“coronal magnetogram” to delineate the
structure of the solar magnetic field high
above the surface of the sun.

Radio Solar Telescope Network
{RSTN): In the past two years, RSTN sites
at Palehua, Hawaii, and Learmonth, Aus-
tralia, have been completed and become
operational. Solar Radio Astronomy Sec-
tion personnel have played an integral
role in the design, development, installa-
tion and acceptance testing of this system.
A Near-East site (yet to be determined)
will complete the four-station network.
The Palehua and Learmonth sites are
equipped with a Hewlett-Packard 1000
Model 45 computer that is used to detect
significant flare-bursts, to format real-
time burst-notification messages for
transmission to AWS/NOAA forecast cen-
ters, and to archive the multi-frequency
data on magnetic tape. Solar flux density
data at the various frequencies are meas-
ured and recorded with a one-second time
resolution.

ENVIRONMENTAL EFFECTS ON SPACE
SYSTEMS

The Problem: Future operational space
systems are expected to be more sensitive
to the energetic particle environment than
present systems. The newer microelec-
tronic technology, while more compact
and faster, tends to be less radiation-
resistant. Therefore, particle-flux intensi-
ties will have a dominant role in determin-
ing the feasibility of future space systems.
The technical or data base from which the
present radiation models are derived is
over ten to fifteen vears old. Updated
measurements are necessary if the Air
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Force is to develop reliable space systems
using modern technology.

Instrument Development: During the
last two years the Air Force Geophysics
Laboratory has undertaken an active de-
velopment of state-of-the-art instru-
mentation. These instruments consist of
an electron detector (fluxmeter) that
measures electrons from 1 to 10 MeV in
energy, a dosimeter that measures the to-
tal dosage behind shields of different
thicknesses, a series of electrostatic ana-
lyzer instruments or J-sensors for the
DMSP (Defense Meteorological Satellite
Program), an electrostatic analyzer to be
flown on board the European satellite
METEOSAT-B, and a proton detector (1-
100 MeV).

The electron detector consists of a series
of solid-state detectors arranged in a tele-
scopic fashion followed by a bismuth ger-
manate crystal. The whole arrangement is
encased in heavy shielding to prevent
background particles from penetrating
through the sides. The J-sensors (SSF/3)
measure electrons from 30 eV to 20 KeV in
energy and are being redesigned to in-
clude both electrons and protons (30 eV -
30 KeV). These sensors monitor precipi-
tating particles in the auroral regions and
are discussed in more detail below for the
European Space Agency. An S8J/3 instru-
ment is also being flown on the
METEOSAT-B spacecraft. Here it will
monitor the electron environment for cor-
relation with possible spacecraft upsets at
geosynchronous altitudes. The dosimeter
188J#1 s designed to monitor the dosage in
a set of detectors individually mounted be-
hind four different shielding thicknesses.
This instrument, which will fly on the
Block 5D2-F7 satellite, will also record the
expected upset rate due to nuclear interac-
tion of energetic protons and the passage
of cosmic rays. These cause transient up-
sets or soft errors, degrading system re-
liability.

Soft Errors: A cooperative effort with
the Deputy for Electronic Technology of

the Rome Air Development Center in-
vestigated the effect of energetic protons
(>20 MeV) on representative microelec-
tronic devices. It was established for the
first time that energetic protons could
cause upsets via nuclear interactions. Pre-
vious calculations based only on ionization
energy loss implied that this effect would
not occur. This finding has an immediate
impact on systems designed to fly near the
inner radiation belt.

System Support: Orbital trade-offs in
terms of expected radiation damage were
performed for the ITV (Instrumented Test
Vehicle) Program. Consultations were
also held with GPS, Space Shuttle and
Space Based Radar Program Offices.

Plasma Sheet Studies: The source of
magnetospheric substorms resides in the
earth’s magnetotail. Plasma instabilities
inter “upt the cross tail current, leading to
a rapid conversion of magnetic to kinetic
energy. It is not known in detail what
these instabilities are, how they develop,
and whether they grow, or are dumped
out. Recent research has emphasized the
possible connection between single-
particle motion and the generation of col-
lective instabilities. It was shown that pro-
tons are normally magnetized (follow
circular orbits) when the plasma sheet is
expanded. They become demagnetized
{follow non-circular orbits) when the plas-
ma sheet is thinned. This leads to a mod-
ification of the stability criteria at the
plasma sheet boundaries.

SOLAR PROTON EVENT STUDIES

Solar protons, accelerated in solar-
active regions during solar-flare events.
may drastically increase the radiation
flux near the earth. The increased radia-
tion can cause perturbations in the earth's
aerospace environment and affect space-
craft operations, or systems operating in.
or through, the polar ionosphere.
Although the enhanced x-ray. radio and
optical emissions during the solar flare
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event indicate that proton acceleration is
occurring, the “U-shaped” spectral signa-
ture of the radio emission is generally re-
garded as the indicator that solar protons
are being released from the solar-active
region.

At the Solar-Terrestrial Predictions
Workshop organized by the National
Oceanic and Atmospheric Administration
and co-sponsored by AFGL in 1979, Space
Physics Division researchers reported the
culmination of their efforts to predict the
time-intensity profile of the solar proton
flux expected at the earth after the occur-
rence of a solar flare. The concepts em-
ployed in the construction of the real-time
computerized system to predict these
fluxes, and presently in operational use by
both the USAF and NOAA, were improve-
ments, modifications, and generalizations
of the results of a number of researchers
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Distribution of Onset Time of 30 MeV Pro-
tons as Function of Selar Longitude.

7

1lustration of the Propagation Concept. The
coronal propagation distance 0 is illustrated
by the heavy arc on the sun. Interplanetary
pronagation proceeds along the Archime-
dean spiral path from the sun to the earth.

throughout the world.

The propagation of solar protons from
the flare site on the sun through inter-
planetary space to the earth can be sepa-
rated into two distinct phases. The first
phase is diffusion from the flare site
through the solar corona to the “foot” of
the Archimedean spiral path formed by
the interplanetary magnetic field line be-
tween the sun and the earth. The second
phase is the propagation in the inter-
planetary medium from the sun to the
earth along interplanetary magnetic field
lines with a velocity that is a function of
the particle kinetic energy (see figure).

The prediction of the time-intensity pro-
file of solar protons expected at the earth
after the occurrence of a proton-releasing
solar flare can be summarized as follows:
There will be a delay between the time of
the flare and the onset of enhanced flux at
the earth as the particles propagate in the
solar corona and along the interplanetary
magnetic field lines from the sun to the
earth. We have combined the results of a
number of spacecraft to obtain a general-
ized onset-time algorithm such as illus-
trated here. The minimum in the figure
corresponds to a flare at the “foot point™ of
the average Archimedean spiral path be-
tween the sun and the earth (57 degrees
west of the sun's central meridian).

The distribution of the predicted time of
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Conceptual Illustration of Typical Time-
intensity Profile for Solar Proton Events.

maximum as a function of solar longitude
is illustrated here, with the spacecraft-
observed data points showing the typical
range of variations that can be expected.
The minimum in the curve again corre-
sponds to a flare at the “foot point” of the
Archimedean spiral path between the sun
and the earth computed for nominal solar-
wind speeds. A prediction of the time of the
maximum flux and the magnitude of the
maximum flux expected allows the con-
struction of an exponential cu-ve from the
onset time to the time of maximum of the
event. By specifying appropriate decay pa-
rameters, the form of the expected time-
intensity profile may be generated. A con-
ceptual time-intensity profile and a pre-
diction for an actual event are shown here.
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Time-Intensity Profiles Predicted for the
Proton Energy Ranges Monitored by SMS/
GOES Satellites.

The prediction procedures are success-
ful in predicting the types of events that
generate increased ionization and perturb
the polar ionosphere, specifically, phe-
nomena caused or perturbed by solar pro-
tons in the energy range of a few mega-
electron-volts to about 80 MeV. Gur re-
search has shown that in the range from
hundreds of mega-electron-volts to giga-
electron-volts (i.e., relativistic protons)
the intensity of high-energy particles is
consistently underpredicted.

Although relativistic solar cosmic-ray
eveuts occur on an average of once a year,
these high-energy penetrating particles
contribute significantly to the radiation
dose in the initial phase of the event. At
the present time it is not possible to predict
which events will contain these relativis-
tic particles. In fact, of the 28 events de-
tected since 1956, a wide range of time-
intensity profiles and energy spectra have
been observed. making it difficult to de-
velop a coherent model of these events.

The largest relativistic solar-particle
event observed at the earth since 1960
occurred on May 7. 1978. The “event” was
successfully predicted and the polar-cap
absorption effects were adequately pre-
dicted: however, the high energy particle-
flux intensities were seriously underpre-
dicted. In an initial attempt to model this




event utilizing cosmic-ray data acquired
by the world network of neutron monitors
(there are essentially no spacecraft detec-
tors that have pood resolution at very high
energies), AFGL scientists reported a fun-
damental new result: the release of relativ-
istic solar protons from the solar corona is
energy-dependent; that is, very energetic
particles are released very efficiently and
quickly from the corona whereas particles
having lower energies—but still a few
giga-electron-volts—have their major
effective release a few minutes later. This
analytical study and analysis verified pre-
vious theoretical work performed by other
American scientists.

In a continuing study of significant so-
lar-proton events, a table was published
listing 34 riometer-sensed polar-cap ab-
sorption events for the period 1970-1972.
This list includes the onset time, magnitude,
time of maximum absorption and duration
of each event and is self consistent with a
previous AFGL publication covering the
period 1955-1969 (TR-78-0028).

Geomagnetic Storm Prediction From
Interplanetary Parameters: Perturba-
tions of the geomagnetic field have a signi-
ficant effect on the aerospace environment
in which several USAF systems operate.
These include systems that rely on high-
frequency radio propagation through the
ionosphere such as point-to-point com-
munication, surveillance and detection
systems, and space operations such as
those affected by the changes in the density
of the neutral atmosphere, which cause
changes in the drag on spacecraft, thereby
affecting their orbits. The geomagnetic
storm is the result of a complex interaction
between the interplanetary magnetic field
transported in the solar wind and the
geomagnetic field. Three of the most com-
monly obtained measures of geomagnetic
activity are AE, Dst and Ap. AE is a
geomagnetic index that characterizes the
auroral electrojet, the primary index for
magnetic activity in the polar regions. Dst
is an index that characterizes the equato-
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rial ring current. Ap is a “Planetary” in-
dex of the average magnetic activity.

A number of physical causal rela-
tionships have been established, and in
concept, the prediction of the geomagnetic
storm from measurements of the inter-
planetary plasma and field parameters is
possible. An extensive investigation has
been conducted correlating the measured
interplanetary magnetic field and plasma
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ters that have the highest corvelation.

parameters with the geomagnetic activ-
ity. The result of this study shows that
there are significant correlations between
geomagnetic activity and specific inter-
planetary magnetic field and plasma
parameters. These results are typified in
the figures which display autocorrelations
and cross correlation coefficients between
the various measured interplanetary
magnetic field and plasma parameters
and the geomagnetic activity at the earth
for various delay times ranging from 0 to
30 hours. These results show that there is
cons-iderable potential in being able to pre-
Jict the onset and magnitude of geomag-
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parameters is usually below the prediction
that would be obtained by a simple persist-
ence formula.

Charged Particle Access to Spacecratt:
Research to study the access of cosmic
radiation to an orbiting satellite has been
conducted. In a cooperative effort with
NASA, this research has been oriented to-
ward comparing theoretical results with
data measurements obtained from the
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Typical Simple Cosmic-Ray Trajectory as a
Particle Travels from the Interplanetary
Medium through the Geomagnetic Field to
an Orbiting Satellite.

HEAO-C spacecraft. As illustrated here
the trajectory-tracing technique was used
to determine ¢»smic ray orbits and cutoffs
in the earth’s magnetic field as modelled
by the International Geomagnetic Refer-
ence Field 1975.0 modified to Epoch
1980.0 by use of the secular drift coefti-
cients. Cosmic ray trajectories were com-
puted at selected geographic gnd intervals
over a satellite orbit at 400 km. The defini-
tion of the solid angle of access at cach grid
location was accomplished by an azi-
mut hal scan every 20 degrees in zenith up
to zenith angles of 120 from the vertical
direction. Early work to define the range
of the sohd angle of access did not find any
allowed orbits at zenith angles of 140
froii the vertical. Cutoft rigidity calcula-
tions were made for 67 different directions
for each of 108 grid points. selected at 10
latitude intervals between 40 N and 40 8.
and equi-spaced at 30 longitude intervals
at each latitude. The objective of these cal-
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culations was to provide basic information
from which cutoffs at other points and
directions could be interpolated.

An important effect was noted in the
access of cosmic rays to orbiting satellites.
From westerly directions cosmic rays may
gain access to a spacecraft orbiting at 400
km from zenith angles up to 135° from the
vertical. The V x B force allows these
cosmic-rav charged nuclei to drop below
the spacecraft horizon and have their
paths bend upward, intersecting the
spacecraft from below. Cosmic-ray
geomagnetic cutoffs, ordered by the
magnetic arrival direction, fold over
smoothly about zenith angle 90° in wester-
ly directions. In the magnetic west direc-
tion, the cutoff rigidity for a magnetic
zenith angle of 60° is the same as the cutoff
rigidity for a magnetic zenith angle of 120°.

For some types of spacecraft measure-
ments it is important to be able to define
the directions forbidden by the solid earth.
The cosmic-ray shadow of the solid earth
does not correspond to the solid angle sub-
tended by the earth from the spacecraft
position because of the bending of the
charged-particle cosmic-ray trajectories in
the geomagnetic field. From the general
direction of the magnetic west thaving a
strong dependence on latitude) there is a
“transmission notch” in the area forbidden
by the solid earth that is the result of the V
x Btorce "lifting” the cosmic ray trajectory
up from the solid earth. The change in
position and width of this “transmission
notch™ is shown in the figure, where the
cosmic ray sphere of access to a satellite
has been mapped onto two dimensions
with an orthographic projection. The
white areas of each of these projections
indicate that cosmic ravs of some energy
have access to a spacecraft orbiting at 400
km. The dark areas around the nadir indi-
cate directions where cosmic rays of all
energies are forbidden by the solid carth.
The apparent sharpness of the “transmis-
sion notches’ is an artifact resulting from
dividing the sphere of access into 67 seg-
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Orthographic Projection of the Three Dimen-
sional Sphere of Cosmic Ray Access to a
Spacecraft at 400 km. Zenith directions are
indicated by parallels drawn every 20 : azi-
muthal directions, by meridians drawn
every 30 . North tazimuth of 0 1 is at the left
of each projection: south tazimuth of 180 11
the center meridian Jine. White segments
indicate that cosmic ravs at some energy are
allowed: shaded segments. that cosmic rays
of all energies are forbidden.

ments and letting the access at the center
of each segment typify the entire segment.
The variation in the width and position of
these "transmission notches™ results from
the different size of the cosmic-ray shadow
generated by the solid earth, which has its
geocenter displaced about 450 km from the
effective magnetic center.

Charged Particle Access to the Earth's
Surface: In continuing research activities
of particle propagation in the geomagnetic
field. inconsistencies were noted in utiliz-
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ing older published values of cosmic-ray
cutoff rigidities for the analysis of cosmic-
ray latitude survey data acquired in 1974
and 1975 (AFCRL-TR-74-0550). When
these survey data were analyzed using
cutoff rigidities calculated by AFGL scien-
tists using a 1975 geomagnetic field mod-
el, these inconsistencies were consider-
ably reduced. The results of this study
show that cosmic radiation measurements
are now of sufficient precision that the
secular variations in the geomagnetic
field must be considered in the analysis of

cosmic ray data.

In collaboration with scientists from the
University of Bern, Switzerland, a theo-
retical study has been conducted on the
propagation of relativistic particles in the
geomagnetic field during major geomag-
netic storms. A mathematical model of the
disturbed geomagnetic field was de-
veloped by including partial ring currents
in the magnetosphere, and the trajectories
of relativistic charged particles through
this field configuration were calculated by
numerical methods. The initial results of
this study show that during major geo-
magnetic disturbances particles of con-
siderably lower energy can be detected at
selected geomagnetic latitudes than is
possible during quiescent geomagnetic
conditions.

New Passive High-Energy Proton De-
tectors: Methads of revealing the tracks of
1-10 MeV protons in a plastic track detec-
tor nave been developed. Allyl diglycol
carbonate (con. mercially available as CR-
391 has been shown to record 1 to 10 MeV
protons at near normal incidence when
etched in hot sodium hydroxide. The re-
corded tracks are clear and unambiguous,
with the diameter a sensitive function of
incident proton energy. A clear visual dif-
jerence 1s seen between say 2 and 3 MeV
protons, and resolution by measurement is
a small fraction of a mega-electron-volt.

In recent vears solid-state nuclear-track
detectors have found widespread applica-
tion. The production of tracks by energetic

ions in insulating materials is a widely
used technique for detection and identi-
fication of these ions. The use of these de-
tectors has been shown to be very success-
ful in the study of very heavy primary
cosmic rays and the recording of fission
tragments. The possibility of their applica-
tion to detect protons has also been ex-
plored. Cellulose nitrate (CN) plastic has
previously been used as a detector to re-
cord protons; however, CN is inhomogene-
ous and anistropic with regard to its
physical characteristics. These defects
manifest themselves in non-geometrical
track profiles, differences in sensitivity in
a given sheet, and variations in bulk etch
rate. The use of plastic sheet cast from
CR-39 monomer with excellent etching
properties, high sensitivity, and high uni-
formity as a nuclear track detector was
reported recently. This material was
found to have a lower detection threshold
than CN and a smaller variation of re-
sponse to particles of a given ionization
rate than Lexan polycarbonate. Commer-
cially available, CR-39 is capable of re-
cording protons of 10 MeV and below as
well as 70 MeV alpha particles.

Cosmic Ray Exposure: A one square
meter array of CR-39 plastic track detec-
tor was exposed to the cosmic radiation
aboard a balloon (AFGL Designation H79-
291 launched from Eielson Air Force Base,
Alaska, on June 19, 1979. After a float
altitude of 128,700 feet was reached. a
squib was fired to shift a spring-loaded
sliding plate to a new position. allowing
cosmic-ray iron tracks which penetrated
at float altitude to the main stack below to
be separated from tracks which pene-
trated during the ascent phase. An
attempt to stabilize and orient the payload
utilizing a biaxial magnetometer com-
bined with an electrical rotator was unsuc-
cessful. The failure to maintain orienta-
tion during the flight required simple
average mathematical assumptions to
evaluate the effective solid angle for inci-
dent particles.
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Final termination of the flight was
about 200 miles west of Eielson AFB, with
a total cosmic ray exposure of 3 hours, 29
minutes. The float altitude was main-
tained = 700 feet during the 3 % hour
period, this altitude corresponding to a
vertical air mass of about 3 grams/cm?
overhead.

The CR-39 plastics are being scanned
for stopping cosmic-ray iron nuclei. The
analysis should provide an accurate flux
determination at this period near the
maximum of the solar cycle when the ex-
pansion of the solar magnetic fields
shields the earth from many of the low-
energy cosmic rays.

A determination of the cosmic-ray iron
flux is essential to an understanding of
anomalies which have occurred in elec-
tronic computer memory elements on vari-
ous satellites. Current accelerator studies
of these anomalies indicate that energetic
iron nuclei are capable of tripping micro-
electronic memories. Results from this
study will also be used to evaluate the
background cosmic radiation buildup in a
CR-39 track detector from cosmic radia-
tion. The CR-39 material is being evalu-
ated for use on the Long Duration Expo-
sure Facility to be launched on the space
shuttle.

Generalized Geometric Factor: A new
method of computation of the generalized
geometric factor for the response of elec-
tronic counters to the complex angular dis-
tribution of trapped particles has been de-
veloped. This method allows the correct
perpendicular fluxes ( j, 1 to be computed
from the observed count rates even at low
altitudes when the trapped mirror planes
2re more narrow than the detector open-
ing angles. Monte Carlo methods allow
even the most complex geometric factors
to be considered.

This Generalized Geometric Factor,
Gtn, A, was formulated taking into
account the anisotropyv of the trapped
radiation in analyzing the trapped proton
data obtained by the instruments on board
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the U.S. Air Force Satellites S3-2 and S3-
3. The detectors were the proton-alpha
telescopes and the low-energy proton spec-
trometer. These instruments were de-
signed to detect trapped protons of ener-
giesranging from 0.1 to 6 MeV. Numerical
and Monte Carlo methods were used to
evaluate this factor. The results were ap-
plied to the reduction of the trapped proton
data in the energy range above 100 keV.
Since the factor depends on the radiation’s
anisotropy and the effective area of the
detector system, these specific numerical
values are applicable only to our data.
However, the formulation of the factor and
its variation with the index of the pitch-
angle distribution as well as the spin-
geomagnetic angle clearly illustrate the
significance of the data-analysis and the
conditions of the data collection performed
by satellite-borne telescopes.

Low-Energy Electron Studies: AFGL
has a major program to design, construct,
calibrate and install a series of electrostat-
ic analyzers, the SS.J/3, on DMSP (Defense
Meteorological Satellite Program) Block
5D, flights 2, 3,4 and 5. After the real-time
data use for operational purposes, AFGL is
currently analyzing the resulting data.
The results of these analyses will be im-
proved substorm models and better under-
standing of the mechanisms and sources of
particle acceleration for investigating the
possibility of specifying geomagnetic
activity in real time.

Each J/3 package consisted of a set of
two electrostatic analyzers which per-
formed a differential energy analysis of
electrons over the energy range from 50
eV to 20 keV. The analyzers were of the
curved plate type and utilized channel
electron multipliers to detect electrons of
select energyv ranges. A 16-point spectrum
was produced each second. To protect the
multipliers, a sun sensor was utilized to
turn off the package when the sun was in
the field of view. Calibrations for units 2
and 3 were performed at the Aerospace
Corporation and results were compared
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with a Monte Carlo computer simulation
of the instrument. The two were in excel-
lent agreement. Units 4 and 5 were cali-
brated using the more sophisticated beam
facility at Rice University, where energy
bands and geometric factors were deter-
mined. Delivery of the SSJ/4 package for
the DMSP flight 6 has been completed.
This unit provides the full electron analy-
sis capability of the J/3 package, plus a
similar capability for proton analysis.
Variations of this highly successful de-

sign have also been utilized for other pro-
grams. Two sets of two electrostatic ana-

lyzers, comprising the CRL-251 High Alti-
tude Particle Spectrometer payload, were
flown aboard AF satellite P78-1, launched
on February 25, 1979, into a polar, circular
sun-synchronous orbit at an altitude of
approximately 600 km. The launch put the
satellite into the noon-midnight meridian
plane at an inclination of 97.73°. At
launch, its period of revolution was 96.54
minutes. The satellite consists of a wheel
section and a sail section.

Each set of analyzers has a low energy
analyzer (50 eV to 1 keV) with eight ener-
gy channels and a high energy analyzer (1
to 20 keV) with eight energy channels.
The two sets are placed 90” apart on the
rim of the wheel section of the satellite,
looking radially outward along the x and y
axis of the wheel section. The spin axis is
perpendicular to the plane of the wheel.
The spin rate is 11 + 1 rpm, the analyzers
going through the full pitch angle cycle in
5.45 seconds. The four analvzers are swept
simultaneously every 256 milliseconds.
Thus, for each wheel spin each detector
gives nearly 22 sixteen-point spectra.

The experiment has functioned normal-
lv since launch and is producing high-
resolution pitch-angle data near the mid-
night and noon regions of the auroral ovals
as well as in the polar cap regions. The
data are being processed to study storm
times, comparisons with DMSP electro-
card optical data and SCATHA particle
date.

Another version of the J:3 package has
been delivered to the European Space
Agency (ESA), and been integrated on the
European METEOSAT-B satellite. The
METEOSAT-B satellite launch has been
delayed for about one year due to problems
with the Ariane rocket. This satellite will
be placed in a geostationary orbit and will
act as a weather satellite for Europe.

The purpose of the AFGL sensor is to
monitor the 50 eV - 20 KeV electron en-
vironment and to serve as a diagnostic tool
for analyzing spacecraft anomalies. It will
also provide useful correlative informa-
tion when analyzed in conjunction with
identical instruments on board DMSP
satellites.

Auroral Boundary Studies: Over the
past two years we have conducted an ex-
tensive program to study the location of
the equatorward boundary of electron pre-
cipitation in the auroral zone and its
variation with magnetic local time, with
geomagnetic activity as measured by the
magnetic index Kp, with solar wind speed,
V, and the north-south component of the
Interplanetary Magnetic Field {(IMF), as a
function of season and as a function of uni-
versal time. The equatorward boundary
represents the mapping into the earth’s
ionosphere of the inner edge of the plasma
sheet. Since the position of the inner edge
is controlled by the large-scale convection
electric field, a study of the equatorward
boundary provides important information
on the dynamics of the magnetosphere.

Approximately 18,000 boundaries of the
oval were determined from plots of the
data from the SSJ 3 electron detectors
flown on the DMSP satellites. The bounda-
ries were separated into one-hour zones in
magnetic local time (MLT) with good
coverage in 20 of 24 zones. In all zones the
boundaries are found to move to progres-
sively lower latitudes linearly as a func-
tion of increasing Kp. Linear correlation
coefficients were generally greater than
0.8. The boundaries were found to move




equatorward similarly as a function of de-
creasing values of VB, for values of B, less
than one nanotesla (nT), where V is the
solar wind speed and B, the north-south
component of the IMF. (The nanotesla is
the SI unit having the same magnitude as
1 gamma in the older nomenclature.) The
linear relationship was weaker with VB,
than Kp, with correlation coefficients typi-
cally in the range from 0.6 to 0.7. For both
Kp and VB, the location of the boundary
was projected into the equatorial plane of
the magnetosphere and fitted to existing
models of the magnetospheric electric
field. This yielded an equation for the
magnetospheric electric field parameter-
ized in Kp and VB,. The cross magneto-
spheric potential calculated from these
equations was found to be in excellent
agreement with measurements of the
cross polar-cap potential. Such agreement
argues strongly for the validity of the
equations and for their use in modeling
the magnetosphere.

In addition, the model clearly shows
that the magnetosphere in its interaction
with the solar wind and IMF acts as a
half-wave rectifier. When Kp is small, or
B, is greater than 1 nT, the electric fields
in the solar wind and magnetcsphere do
not couple directly and the magnetospher-
ic electric field is small. For Kp greater
than 2 and B, less than 1 nT the two elec-
tric fields do couple directly and the mag-
netospheric electric field increases linear-
ly with the solar-wind electric field.

In-Situ Measurements of Field-Aligned
Current Systems: Experiments on board
the polar-orbiting Air Force satellite, S3-
2, provided. among others, measurements
of the ambient vector magnetic field. the
electric field and the fluxes of precipitat-
ing electrons in the energy range from 80
eV to 17 keV. The bulk of the data ana-
lyzed was taken in the ionosphere above
the polar cap and the auroral ovals in the
altitude range from 240 to 1560 km. Elec-
trons were detected with a parallel-plate
electrostatic analyzer which was mounted
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in the spin plane of the spacecraft, allow-
ing it to sample through a full range of
pitch angles. The instrument comprised of
32 energy bins swept through a complete
spectrum in one second. The magnetic
field components were measured with a
triaxial fluxgate magnetometer whose
sensor was extended 20 feet out from the
spacecraft on ithe tip of an Astromast
boom. By using an automatic ranging cur-
rent source in conjunction with the mag-
netometer, a resolution of 5 nT was
obtained in each of the field components
despite a dynamic range of = 64,000 nT.
Deviations in the transverse (i.e., east-
west) component of the magnetic field
have been interpreted in terms of field-
aligned current sheets which connect the
horizontal currents flowing in the auroral
ionosphere to their source regions deep in
the magnetosphere.

The S3-2 magnetic field measurements
were compared with similar measure-
ments taken on the Triad satellite in
several nearly coincident passes in the
northern dawn-sector of the polar region.
Such dual observations have made it
possible to determine further characteris-
tics of field-aligned (Birkeland) current
sheets. They are spatial in nature, extend-
ing at least up to 1100 km in longitude,
and are oriented very closely to the
magnetic east-west direction. They do not
show pronounced gradients with longi-
tude. The current sheets move slowly in
the north-south direction with velocities
less than 0.15 km'sec. The major portion of
the Region 1 (i.e.. poleward portion) field-
aligned currents was located equatorward
of the convective electric field reversal, in-
dicating that. for the most part, they exist
on closed field lines.

Several consecutive orbits of the S3-2
satellite provided simultaneous measure-
ments of magnetic and electric fields and
auroral electron fluxes during a major
magnetic storm when Kp reached a level
of 8-. During such times of extreme
magnetic disturbance, integrated precipi-
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tating electron fluxes in excess of 5 x 10°
electrons/cm?-sec-sr were observed, as
were field-aligned current densities
approaching 20 p A/m?, and electric field
intensities near 100 mV/m. Some of the
principal results for these measurements
are: (1) The observed direction of the elec-
tric field component indicated closure of
the major field-aligned current pattern by
Pedersen current flow in the ionosphere,
consistent with a magnetospheric current
source. (2) Valyes of the height-integrated
Pedersen conductivity, calculated from
the gradients of the electric and magnetic
field components, were typically in the
range from 10-30 Q ! in the current-
carrying regions during active times. At
such times particle precipitation on the
nightside became the major factor in con-
trolling the magnitude of the ionospheric
conductivity, outweighing the influence
which sunlight has in quiet times. (3) In

regions of increased fluxes of precipitating
electrons in the nightside auroral oval,
current densities calculated from electron
fluxes in the energy range from 0.08 to 17
keV accounted for up to 50 percent of the
upward currents, increasing to better than
70 percent during the most intense sub-
storm period.

DEFENSE METEOROLOGICAL
SATELLITE PROGRAM

Topside lonosphere Plasma Monitor:
The Space Physics Division has developed,
and will be supplying, a series of Topside
Ionosphere Plasma Monitor instruments
for flight on the Defense Meteorological
Satellite Program (DMSP) Block 5D-2
satellites. The instrument, designated
SSIES, will provide critical information
about the characteristics of the space plas-
ma above the peak of the F region as re-

SSIES System Block Diagram,




quired for Air Force and communication
systems.

Four electrostatic probes will measure
ion and electron temperature, electron
density, average ion mass, satellite poten-
tial, the power spectrum of irregularities,
and two components of the ion drift-
velocity vector known to be associated
with concentration irregularities that
cause scintillations of radio signals over a
wide frequency range. In addition, the in-
strument will measure the polar windon a
routine basis to establish its morphologi-
cal behavior.

The main features of the SSIES system
are shown in the system block diagram.
Control grids within the electron and ion
sensors are biased and periodically sweep
through small voltage ranges to deter-
mine the temperature and density of the
particles collected. To produce meaningful
data, these grids must be biased at a poten-
tial somewhere near that of the plasma
with respect to the spacecraft. These bias
potentials are determined by analysis of
the data on the ground and are set by
ground command; under certain operating
modes, the electronics package will deter-
mine and set the bias potential automati-
cally. In addition, the main electronics
will analvze the sweep data and calculate
the density and temperature of the de-
tected electrons, hydrogen ions, and oxy-
gen ions. At all times, the raw sensor data
will be transmitted to ground stations for
verification of on-board calculations.

Precipitating Particles Analysis: The
Space Physics Division routinely provides
electron and ion analyzers for the Defense
Meteorological Satellite Program
(DMSP). A new improved sensor package
has been developed. The new instrument,
designated SSJ 4. can measure both elec-
trons and ions at twenty discrete energies
between 30 eV and 30 keV once per second.
The detectors are used by the Global
Weather Central of the Air Weather Ser-
vice to monitor the location and intensity
of the auroral zone. To this end the Space
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Physics Division has developed software
techniques for the Air Weather Service to
use the data from the SSJ/4 sensors in near
real time. The algorithm developed en-
ables the Global Weather Central to deter-
mine the equatorward extent of the auroral
oval with high accuracy: approximately 1°
on the evening side of the oval and approxi-
mately 2° on the morning side of the oval.

In addition, the Global Weather Central
has the need to extrapolate the global posi-
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tion of the oval from the measurements
made by the SSJ 4 sensor at a point. To do
this the Space Physics Division completed
a large-scale statistical study of the vari-
ation in the location of the equatorward
boundary with magnetic local time, activ-
ity. and the orientation of the Interplane-
tary Magnetic Field (IMF). Approximate-
ly 20.000 boundaries were scaled by hand.
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The boundaries were separated by mag-
netic local time into one-hour zones. With-
in each zone, the location of the boundary
was tested for correlations with Kp, the Z
component of the IMF, the velocity in the
solar wind times the Z component of the
IMF, the square of the Z component, and
the solar wind velocity times the square of
the Z component. The correlations with Kp
were very high. In the figure we show a
typical example of the correlation with

MLT 1900 - 2008 | = 66.93 + 1.9476%VB,

cC = -640 B, <1

L, = 68.46 - .46994'VBz

cal time) and were between -0.7 and -0.8 in
the morning sector (0400 - 1200 MLT).
For quantities in the solar wind and
IMF, the boundary correlated best with
the solar wind velocity times the Z compo-
nent of the IMF, when the correlation was
limited to cases where the Z component
was less than 1 nanotesla (nT). Above 1
nT, the correlation was weak o~ non-
existent. An example is shown in the fig-
ure for the magnetic local time 1900 to
2000. The two straight lines are the linear
least-squares-fit to the data above and be-
low 1 nT. The equations for the two lines
are shown in the upper right hand corner.

The break in behavior at 1 n'T is consistent
with the half-wave rectifier model of the
magnetosphere; below 1 nT the magneto-
sphere and IMF are coupled and the solar
<o wind and_IMF drive the magnetosphere,
while above 1 nT they are decoupled.

Equations relating the boundary posi-
tion to Kp have been determined for all
magnetic local time zones. From a single
DMSP pass, the position of the oval bound-
ary can be determined. By inserting this
figure into the equation for the magnetic
local time in which the boundary was de-
termined. a provisional Kp can be calcu-
| lated. This value, in turn. can then be in-
serted in the other equations to give the
global specification needed.

lonospheric Research From the DMSP
—+ AP and Other Satellites: In this subsection

two topics are treated: (1) progress in iden-

tification of the large-scale electric field
patterns in the polar ionosphere and their
relationship to the orientation of the inter-
planetary magnetic field: (2} progress in
the characterization of discrete, sun-
aligned arcs in the polar cap.
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Idealized Electric Field and Magnetic Per-
turbation Measurements for Currents and
Fields Shown in the Preceding Figure.

Kp. where the mean and standard devia-
tions for the boundaries are determined.
The line represents the linear least-
squares-fit to the data. The equation for
the line and the correlation coefficient are
printed in the upper right hand corner.
The coefficients approached -0.9 in the
evening sector (1600 to 2400 magnetic lo-

Previous work on classifving the electric
field pattern is summarized in the figure.
The five classes shown are:

Type A: Uniform electric field across
the polar cap observed with the OGO-6
satellite only in the northern (summer)
polar cap.

Type B: Strong electric field near morn-
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ing (evening) flank of the northern (south-
ern) polar cap.

Type D: Strong electric field near the
evening (morning) flank of the northern
(southern) polar cap.

Type F: Strong electric fields along the
flanks of the polar cap with weak fields in
the central polar cap.

Type I: Irregular fields across the polar
cap.

EVENING MORNING MORNING  EVENING

NORTHERN SOUTHERN IMF
HEMISPHERE HEMISPHERE STRUCTURE

o
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Types of Electric Field Patterns Observed by
0GO-6 and Their Dependence on IMF B, and
B..

Types A and D (B) were found only when
the Interplanetary Magnetic Field was
pointed toward (away) from the earth.
During the last three months of 1976,
the S3-2 satellite orbit was close to the
dawn-dusk meridian. Data from this
period were used to analyze the large-scale
electric field patterns. The figure shows
scatter plots of the patterns observed in
S3-2 data as a function of the X and Y
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components of the Interplanetary Magnet-
ic Field. It is seen that types A and B are
found only when the Y component is great-
er than 0. For both OGO-6 and S3-2, A-
types are found only in the summer hemi-
sphere and are associated with the IMF
polarity that tends to produce strong elec-
tric fields along the evening flank of the
polar cap. The occurrence ratioof Ato B in
S3-2 data was 2:1; the A-to-D ratio was 3:1
in the June, 1969, OGO-6 data. The de-
pendence of D-types on the Y component of
the IMF tupper right plot) agrees with
0GO-6. The type F patterns were found
when B, - 0. The distribution of B. D and
F patterns tends to confirm the critical
role of the Y component. A survey of 83-2
measurements shows that A, B. D and F
types are found when the Z component was
less than 0.5 nT. Type [ shows no correla-
tion with X or Y components. The highly
irregular electric fields are found only
when the Z component was greater than 0.
Type I patterns are further discussed be-
low in connection with polar cap arcs.
An example of an electric field pattern
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Example of Sunward Convection, Dusk-to-
Dawn Electrie Field in the Central Polar Cap
During a Period of Northern IMF.

which was found in approximately halfthe
summer polar-cap passes of S3-2 when the
7 component of the IMF was greater than
0.7 nT is shown in the figure. During the
S53-2 Rev 5215 southern high latitude
pass, the Z component was found to equal
4.9 nT. As expected for driving sunward
convection in the auroral oval, the electric
field was directed trom dusk to dawn. At
the poleward boundary of the oval, the
electric field reversed polarity. becoming
dawn to dusk near the morning and even-
ing flanks of the polar cap. Within the
central polar cap. the electric field was
directed from dusk to dawn. Sunward con-
vection in the central polar cap is incon-
sistent with a viscous interaction model.
Sunward convection in the summer polar
cap during periods of northward B, is con-
sistent with ground magnetometer and
laboratory simulation results.

Polar Cap Arcs: Investigations of dis-
crete arcs in the polar cap have shown that
polar cap arcs tend to be sun-aligned and
are most frequently observed during
periods of magnetic quieting when the in-
terplanetary magnetic field has a north-
ward component. Visible arcs are caused
by precipitating electrons with energies of
< 2 keV. Another class of subvisual arcs
are produced at the altitude of the iono-
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Cartoon Representation of Sequential
DMSP High Latitude Imagery on December
12, 1977

sphere F laver by electrons with energies
of a few hundred electron volts. Here we
illustrate many of the known characteris-
tics of polar cap arcs using data from the
USAF satellites S3-2 and DMSP (Defense
Meteorological Satellite Program). At the
times of interest, both satellites were in
orbits close to the dawn-dusk meridian.
Satellite S3-2 measured the electric and
magnetic fields. and the fluxes of electrons
with energies between 80 eV and 17 keV.
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DMSP satellites are stabilized in three
axes and are in circular, sun-synchronous
orbit at an altitude of 840 km. All DMSP
satellites are equipped with scanning,
optical imagers. Some. but not all, are also
equipped with spectrometers that look to-
ward local zenith and measure fluxes of
electrons with energies between 50 eV and
20 keV.

The accompanying cartoon represents,
in magnetic latitude and local time, com-
posites of visible imagery from DMSP/F1
and DMSP/F2 taken over the northern
hemisphere during a period of magnetic
quieting on December 12, 1977. Solid,
straight lines give the portions of F2
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Top Panel Gives the Dawn-to-Dusk Electric
Field Component and the Transverse Mag-
netic Field Deflection theavy line). Bottom
Panels Give the Directional Electron Flux
and Pitch Angles. Data were taken over win-
ter polar cap with IMF B, northward.

trajectories during which electron data
were taken. To the right of cach cartoon.
the hourly average values of the inter-
planetary magnetic field Y and Z compo-
nents are shown. During the initial period
of southward 7 component, the polar cap
was clear of visible emissions and only
uniform, polar rain fluxes were detected.
Approximately one hour after the IMF
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turned northward, sun-aligned arcs were
found in the polar cap. Polar cap arcs per-
sisted until the interplanetary magnetic
field again turned southward. An hour af-
ter a second northward turning of Z com-
ponents, arcs returned to the polar cap.
The sun-aligned arcs were embedded in a
region of high-density (~ 0.1 cm™) polar
rain. Within the arc, the up-looking DMSP
spectrometer detected three spectral com-
ponents: a cold (100 eV) high density (1.5
cm™) population, a peaked primary dis-
tribution with a temperature of 350 eV
that had been accelerated through a
potential drop of ~ 750 V, and a secondary
and/or degraded primary population.
Burch et al. found that over polar showers
the low-energy component was highly
field-aligned. The secondary and acceler-
ated primary populations were nearly
isotropic in pitch angle.

A plot of the electric field, the deviation
in the magnetic fields, and the directional
flux of electrons (cm*-sec-ster)”’ and elec-
tron pitch angles measured during S3-2
Rev 5231 are given here as functions of
invariant latitude, magnetic local time
and altitude. The pass occurred while the
satellite was near apogee over the north
polar cap, where it passed within 1” of the
magnetic pole along the dawn-dusk meri-
dian. The X, Y and Z components of the
interplanetary magnetic field were -3.4,
3.8, and 7.4 nT, respectively. As compared
with the idealized uniferm polar cap fields,
the electric and magnetic signatures were
highly irregular. In the northern hemi-
sphere a positive electric field corresponds
to sunward convection and the field-
aligned current is out of the ionosphere in
regions where the deviations in the
magnetic field have a negative slope.
Eight regions o